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SUMMARY
2  (a) A ccum ula tive  t r a n s p o r t  sy s tem s fo r  g ly c in e  were 
i d e n t i f i e d  i n  HeLa and Xenopus l a e v i s  k id n e y  c e l l s .
In  b o th  c e l l  t y p e s ,  i n f l u x  and e f f l u x  obey M ic h a e l i s -  
Menten k i n e t i c s  and k i n e t i c  c o n s t a n t s  w ere c a l c u l a t e d  
f o r  b o th  p a r a m e te r s ,  A t e c h n iq u e  o f  * lysln g*  and r e ­
f i l l i n g  c e l l s  f a c i l i t a t e d  t h e  m easurement o f  e f f lu x  from  
i n t r a c e l l u l a r  c o n c e n t r a t i o n s  o f  amino a c i d  w hich  were 
s u f f i c i e n t l y  h ig h  t o  cau se  c a r r i e r  s a t u r a t i o n .  In  
ag reem en t w ith  most p re v io u s  w ork , g ly c in e  i s  no t  in v o lv e d  
i n  a sys tem  o f  exchange d i f f u s i o n .  The c e l l s ’ a b i l i t y  t o  
a ccu m u la te  g l y c i n e  i s  c o n s id e re d  t o  be due p r i m a r i l y  t o  
t h e  d i f f e r e n c e s  i n  a p p a r e n t  Km v a lu e s  f o r  e n t r y  and e x i t .
(b) R eplacem ent o f e x t r a c e l l u l a r  Na io n s  w i th  K, L i, |
o r  c h o l in e  io n s  c a u s e s  an i n c r e a s e  i n  th e  a p p a r e n t  Km f o r  
i n f l u x  an d , i n  t h e  a b sen c e  o f  e x t r a c e l l u l a r  Na+, c e l l s  
a r e  u n a b le  t o  a cc u m u la te  g ly c in e  a g a i n s t  i t s  c o n c e n t r a t i o n  
g r a d i e n t .  A n a ly s i s  o f  t h e  Na+-dependency o f  i n f l u x  
s u g g e s t s  t h a t  t h e  r a t e - l im i t in g  s t e p  i n  in f lu x  i n v o lv e s  
th e  b in d in g  o f  a s i n g l e  Na io n  p e r  g l y c i n e  m o le c u le .
( c) I n  HeLa c e l l s ,  an i n c r e a s e  i n  i n t r a c e l l u l a r  Na"^  
c o n c e n t r a t io n ,  c a u se s  a d e c r e a s e  in  i n f l u x ,  m ed ia ted  v i a  
a r e d u c t io n  i n  Vmax a n d ,  t h u s ,  c a r r i e r  m o b il ity .  I n f lu x  
i n  Xenopus c e l l s  a p p e a r s  t o  be i n s e n s i t i v e  t o  in t r a c e l lu la r  
Na^ l e v e l s  b u t  t h i s  may r e f l e c t  a c e l l - t y p e  v a r ia t io n  in  
t h e  r e l a t i v e  a f f i n i t i e s  o f  i n t r a c e l l u l a r  Na'*' and K+ fo r  
s u b s t r a t e  c a r r i e r  s i t e .
....
(d) Under th e  e x p e r im e n ta l  c o n d i t i o n s  u s e d ,  i n t r a ­
c e l l u l a r  Na"^  c o n c e n t r a t i o n  does n o t a f f e c t  e f f l u x  o f  
g ly c in e  from  Xenopus c e l l s .  E f f l u x  i s ,  how ever, 
a c c e l e r a t e d  by i n c r e a s i n g  i n t r a c e l l u l a r  K'*'. R e s u l t s  
s u p p o r t  t h e  co n cep t o f  e n e r g e t i c  c o u p l in g  betw een  
g ly c in e  t r a n s p o r t  and Na*^  and K"*" f l u x e s .  The p o t e n t i a l  
e n e rg y  a v a i l a b l e  from  t h e  a l k a l i - m e t a l  e l e c t r o c h e m ic a l  
g r a d i e n t s  i s  c a l c u l a t e d  t o  be s u f f i c i e n t  t o  m a in ta in  t h e  
o b se rv ed  s t e a d y - s t a t e  d i s t r i b u t i o n  r a t i o s  f o r  g l y c i n e .
(e) No e v id e n c e  was o b ta in e d  f o r  a d i r e c t  l i n k  be tw een  
c e l l u l a r  m e tab o lism  and g ly c in e  i n f l u x ,  i n  e i t h e r  c e l l  
t y p e .  P ro lo n g ed  t r e a t m e n t  w i th  o u a b a in  d o e s ,  how ever, 
r e s u l t  i n  a d im in ish e d  a c c u m u la t iv e  c a p a c i t y .  In  HeLa 
c e l l s  t h i s  can  be e x p la in e d  by th e  o b se rv e d  i n c r e a s e  i n  
i n t r a c e l l u l a r  Na*** and a d e c r e a s e d  Vmax o f  i n f l u x .  In  
Xenopus c e l l s  a l t e r a t i o n  o f  i n t r a c e l l u l a r  Na*^  canno t 
a c c o u n t  f o r  t h e  re d u c e d  a c c u m u la t iv e  c a p a c i ty ;  so  a 
d i r e c t  e f f e c t  o f  o u a b a in  on e f f l u x  i s  n o t  e x c lu d e d .
2 The c e l l s *  a b i l i t y  t o  t r a n s p o r t  g ly c in e  was m o d if ie d  
by V ary ing  t h e i r  g row th  c o n d i t i o n s .
I f  grovjth medium i s  r e p l a c e d  w i th  f r e s h  medium, 
g ly c in e  i n f l u x  a c t i v i t y  d ecay s  w i th  a h a l f - t i m e  o f  ab o u t  
5 h o u r s .  The t r a n s p o r t  m o d i f i c a t io n  i s  a s s o c i a t e d  w i th  
a r e d u c t i o n  i n  Vmax and no change i n  th e  a p p a re n t  Km o f  
i n f l u x .  T h is  s u g g e s t s  t h a t ,  a l th o u g h  th e  s t r u c t u r e  o f  
th e  c a r r i e r  and i t s  a f f i n i t y  f o r  g ly c in e  rem a in s  u n a l t e r e d ,  
t h e r e  i s  a r e d u c t i o n  i n  e i t h e r  c a r r i e r  m o b i l i t y  o r  th e
number o f  f u n c t i o n a l l y  a c t i v e  c a r r i e r s .
R e g u la to r y  c o n t r o l  o f  a l a b i l e  c a r r i e r  c o u ld ,  t h e r e f o r e ,  
be i n v e s t i g a t e d .
3 G ly c in e  t r a n s p o r t  was r e g u l a t e d  by v a r y in g  th e  serum  
c o n c e n t r a t i o n  o f  g row th  medium. In  both c e l l  t y p e s ,  a 
p r o g r e s s iv e  i n c r e a s e  i n  t h e  c o n c e n t r a t i o n  of serum  r e s u l t s  
i n  a p r o p o r t i o n a l  i n c r e a s e  i n  i n f l u x  and a c c u m u la t io n  o f  
g l y c i n e .  T he a l t e r a t i o n  i n  i n f l u x  i s  a g a in  a s s o c i a t e d  
w i th  v a r i a t i o n  i n  Vmax r a t h e r  t h a n  a lt e r e d  c a r r i e r  s t r u c t u r e .  
I t  i s  n o t  known w h e th e r  t h i s  e f f e c t  i s  l in k e d  w i th  t h e  grcwth- 
r ë g u l a t o r y  a c t i o n  o f  serum  b u t  i t  does p ro v id e  ev id en ce  fo r  
t h e  e x i s t e n c e  o f  serum f a c t o r ( s )  concerned  e i t h e r  d i r e c t l y
o r  i n d i r e c t l y  w i th  amino a c i d  t r a n s p o r t  a c t i v i t y .
S tu d ie s  u s in g  c y c lo h e x im id e  s u p p o r t  t h e  e x i s t e n c e  o f  a 
l a b i l e  c a r r i e r  p r o t e i n  and i n d i c a t e  t h a t  p r o t e i n  s y n t h e s i s  
i s  n e c e s s a r y  f o r  th e  se ru m -d ep en d en t i n c r e a s e  i n  t r a n s p o r t  
t o  o c c u r .
4  A more rap id  m o d i f i c a t i o n  o f  t r a n s p o r t  was o b ta in e d  by 
v a ry in g  th e  c o n c e n t r a t i o n  o f  s u b s t r a t e  i n  t h e  growth medium. 
An i n c r e a s e  i n  t h e  c o n c e n t r a t i o n  o f  s i m i l a r l y  t r a n s p o r t e d  
amino a c i d s  during growth p r o p o r t i o n a l l y  s u p p r e s s e s  g ly c in e  
i n f l u x ,  measured u n d e r  f i x e d  exp erim en ta l c o n d i t i o n s .  The 
in f lu x  i s  m in im al a f t e r  growth i n  a p p ro x im a te ly  norm al 
g ro w th -c o n c e n t r â t io n  o f  amino a c i d .  G ly c in e  in f lu x  i s  no t  
in f lu e n c e d  by t h e  p r io r  growth c o n c e n t r a t i o n  o f  le u c in e .
R e g u la to ry  c o n t r o l  i s  p r i m a r i l y  v i a  a change i n  
Vmax o f  i n f l u x .  E f f l u x  i s  no t s i g n i f i c a n t l y  a l t e r e d ,  
C yclohexim ide  t r e a tm e n t  a g a in  caused  a d ecay  in  norm al 
i n f l u x  a c t i v i t y .  R e s u l t s  a r e  c o n s i s t e n t  w i th  t h e  v iew  
t h a t  membrane components d i r e c t l y  in v o lv e d  i n  c a r r i e r  
m ed ia te d  a c t i v e  t r a n s p o r t  a r e  i n  a dynamic s t a t e  o f  
t u r n o v e r  and t h a t  t h e  d e c a y  o b se rv ed  i s  a r e s u l t  o f  
p r o t e i n  c a ta b o l i s m  w i th o u t  r e p la c e m e n t ,  A c tinom ycin  D 
has  no e f f e c t  on no rm al i n f l u x  w i t h i n  7 h o u r s ,  i n d i c a t i n g  
a s t o r e  o f  a p p r o p r i a t e  mRNA.
Both c y c lo h ex im id e  and AMD do , how ever, p re v e n t  t h e  
a c q u i s i t i o n  o f  a d d i t i o n a l  t r a n s p o r t  a c t i v i t y  o b se rv ed  
d u r in g  g row th  i n  r e d u c e d  amino a c id  c o n c e n tr a t io n s . D ata 
i n d i c a t e  t h a t  p r o t e i n  s y n t h e s i s  i s  r e q u i r e d  f o r  th e  
i n i t i a l  r e g u l a t o r y  s i g n a l  and fo r  d e r e p r e s s i o n  (o r  
s t i m u l a t i o n )  o f  i n f l u x  t o  o c c u r .  I t  i s  s u g g e s te d  t h a t  
t h e r e  e x i s t s  a sy s te m  o f  g e n e t i c  r e g u l a t i o n  o f  c a r r ie r  
s y n t h e s i s  w hich  i s  a n a lo g o u s  t o  t h a t  f o r  enzyme s y n t h e s i s  
i n  b a c t e r ia .  The mechanism by w hich  t h e  r e g u l a t o r y  
c o n t r o l  r e c e i v e s  i t s  in p u t  was i n v e s t i g a t e d .  I n t r a ­
c e l l u l a r  amino a c i d  p o o l  s i z e  was m a n ip u la te d  e i t h e r  
d i r e c t l y ,  by u s in g  th e  ’ l y s i n g  and r e f i l l i n g *  te c h n iq u e ,  
o r  i n d i r e c t l y ,  by i n c u b a t i o n  in  low-Na+ medium. Both 
t y p e s  o f  e x p e r im e n t  i n d i c a t e d  t h a t  p o o l  s i z e  i s  n o t  a 
m ajo r  f a c t o r  i n  t h e  c o n t r o l  mechanism. I t  i s  p roposed  
t h a t  th e  l i m i t i n g  f a c t o r  t o  c o n t r o l  i s  th e  r a t e  o f  
membrane t r a n s p o r t  o f  s u b s t r a t e .
INTRODUCTION 
Aoiino a c id  t r a n s p o r t
R e c o g n i t io n  o f  io n  dependence
I n  1 9 5 2 , C h r i s te n s e n  and c o -w o rk e rs  n o te d  t h a t  t h e  
c o n c e n t r â t i v e  u p ta k e  o f  g l y c i n e  and  a l a n in e  i n t o  duck 
e r y t h r o c y t e s  and E h r l i c h  Mouse A s c i t e s  tum our c e l l s  
was s t r o n g l y  i n h i b i t e d  when e x t e r n a l  Na was r e p l a c e d  
by  K, ( C h r i s t e n s e n ,  R igg s  & Ray, 1952; C h r i s te n s e n  & 
R ig g s ,  1 9 5 2 ), o r  c h o l i n e ,  ( C h r i s t e n s e n ,  R i g g s ,F i s c h e r ,
& P a l a t i n e ,  1 9 5 2 ) .  T h is ,  and t h e  f a c t  t h a t  amino a c i d  
u p ta k e  from  a h ig h  e x t e r n a l  c o n c e n t r a t i o n  r e s u l t e d  in  
an i n c r e a s e  i n  i n t r a c e l l u l a r  Na and a  d e c r e a s e  i n  i n t r ­
a c e l l u l a r  K, i n d i c a t e d  an i n te r d e p e n d e n t  r e l a t i o n s h i p  
betw een n o n - e l e c t r o l y t e  t r a n s p o r t  and io n  movements*
The h y p o th e s i s  i n i t i a l l y  p r e f e r r e d  was f o r  an a s s o c i a ­
t i o n  betw een amino a c i d  i n f l u x  and K e f f l u x .  (ï^iggs, 
W alker, & C h r i s t e n s e n ,  1 9 5 8 ) .  Amino a c id  a c c u m u la t io n  
th e n  o c c u r r e d  o n ly  i n  t h e  p r e s e n c e  o f  a d e q u a te  i n t r a c e ­
l l u l a r  K l e v e l s .  An a l t e r n a t i v e  view  was t h a t  p a r t  o f  
t h e  Na i n f l u x  was v i a  a  t e r n a r y  complex o f  c a r r i e r ,  
amino a c i d ,  and Na io n ;  t h e  Na e l e c t r o c h e m ic a l  g r a d i e n t  
p r o v id in g  e n e rg y  f o r  amino a c id  u p ta k e .  Amino a c i d  
u p ta k e  was re d u c e d  d u r in g  m e ta b o l ic  i n h i b i t i o n  b u t  i t  
was p ro p o se d  t h a t  t h i s  was se c o n d a ry  to  a  d i s t u r b a n c e  
i n  norm al a l k a l i  m e ta l  d i s t r i b u t i o n ,  (R iggs , W alker, & 
C h r i s t e n s e n ,  1958; C h r i s t e n s e n ,  1970)*
S in c e  t h e s e  e a r l y  o b s e r v a t i o n s ,  s e v e r a l  m odels f o r  
n o n - e l e c t r o l y t e  t r a n s p o r t  have b een  s u g g e s te d ,  
p ro p o s in g  an e n e r g e t i c  c o u p l in g  w i th  K o r  Na f l u x e s  
o r  a co m b in a t io n  o f  b o t h .  C o n tro v e rsy  s t i l l  e x i s t s  
a s  t o  w h e th e r  e l e c t r o c h e m ic a l  g r a d i e n t s  o f  t h e  a l k a l i -  
m e ta l  io n s  p r o v id e  t h e  e n t i r e  e n e rg y  r e q u i r e m e n t ,  o r  
w h e th e r  t h e r e  i s  d i r e c t  c o u p l in g  t o  c e l l u l a r  m etabo lism ,
In  i 960, Csaky p r e s e n t e d  e v id e n c e  f o r  a m ucosal Na 
r e q u i r e m e n t  f o r  a c t i v e  su g a r  t r a n s p o r t  a c r o s s  th e
2i s o l a t e d  i n t e s t i n e  o f  t h e  t o a d ,  (Csaky & T h a le ,  I 96O).
The q u a l i t a t i v e  s i m i l a r i t y  betw een  N a-dependency in  
b o th  amino a c id  and su g a r  t r a n s p o r t  sy s tem s  s u g g e s te d  
a  common e n e rg y  s o u rc e  and m odels c o n c e rn in g  t h e  r o l e  
o f  Na ap p ea r  t o  be e q u a l ly  a p p l i c a b l e  to  e i t h e r  sy s te m ,
S ug ar/am in o  a c id  i n t e r a c t i o n
G ly c in e  uptalee i n t o  e v e r t e d  s a c  o f  r a t  i n t e s t i n e  was 
found  to  be i n h i b i t e d  by n o n - m e ta b o l i s a b le ,  a c t i v e l y -  
t r a n s p o r t e d  s u g a r s ,  (Newey & Smyth, 1 9 6 4 )* N e i th e r  
n o n - a c t i v e l y  t r a n s p o r t e d  s u g a r s  n o r  a c t i v e l y  t r a n s p o r t e d ,  
b u t  m e t a b o l i s a b l e , s u g a r s  (eg. g lu c o s e )  i n h i b i t e d  amino 
a c id  u p t a k e . T h is ,  m e t a b o l i c a l l y  l i n k e d ,  su g a r /am in o  
a c i d  i n t e r a c t i o n  i n d i c a t e d  a common, l i m i t e d  c e l l u l a r  
e n e rg y  s o u rc e ,  p o s s ib l y  ATP, ( H a r d c a s t l e ,  Newey & Smyth, 
1 9 6 8 ) .  A l t e r n a t i v e l y :  ( l )  t h e  m utual c o m p e t i t io n  f o r  
t r a n s p o r t  be tw een  d i f f e r e n t  n o n - e l e c t r o l y t e s  h a s  been  
e x p la in e d  in  te rm s  o f  a p o l y f u n c t i o n a l  c a r r i e r ,
(A lvarad o , 1 9 6 8 ) .  D a ta  showed t h a t  i n i t i a l  i n f l u x  
r a t e s  w ere  a f f e c t e d ,  ( i e  b e f o r e  d e p l e t i o n  o f  e n e rg y ) ,  
and t h a t  c o u n t e r - t r a n s p o r t  co u ld  be d e m o n s tra te d  
betw een amino a c i d s  and a c t i v e l y  t r a n s p o r t e d  s u g a r s .
On t h i s  b a s i s ,  how ever, i t  i s  d i f f i c u l t  t o  r e c o n c i l e  
t h e  i n h i b i t o r y  e f f e c t  o f  p h l o r i d z i n  on s u g a r  b u t  n o t  
amino a c i d  t r a n s p o r t ,  (S e g a l ,  B l a i r  & R o senberg , 1 9 6 3 ) ,
In  a d d i t i o n ,  n o t  a l l  w o rk e rs  have been a b le  t o  f i n d  
h e te ro g e n e o u s  exchange , (Kimrnich, 1973)-  For i n s t a n c e ,  
a c c e l e r a t e d  e f f l u x  o f  h e x o se  co u ld  n o t  be in d u c e d  by 
e x t e r n a l  g l y c i n e ,  a p o t e n t  i n h i b i t o r  o f  h ex o se  
a c c u m u la t io n  i n  r a t - k i d n e y - c o r t e x  s l i c e s ,  (G enel, Rea 
& S e g a l ,  1 9 7 1 ) '  In  r a b b i t  i leu m  t h e  s t i m u l a to r y  
e f f e c t s  o f  s u g a r  and amino a c i d  on s h o r t  c i r c u i t  c u r r e n t  
(and t h u s ,  n e t  m ucosal t o  s e r o s a l  f l u x  o f  Na) were 
a d d i t i v e ,  i n d i c a t i n g  s e p a r a t e  b u t  p a r a l l e l  c a r r i e r  
m echanism s; (S c h u l tz  & Z a lu sk y ,  I 9 6 5 ) .  (2) I f  th e
t r a n s p o r t  o f  s u b s t r a t e  c a u s e s  an i n c r e a s e  i n  i n t r a ­
c e l l u l a r  Na due to  Na c o - e n t r y ,  i t  h a s  been  su g g e s te d  
t h a t  i t  i s  t h e  r e s u l t a n t  d im in u t io n  in  transm em brane 
N a - g r a d ie n t  w hich  c a u s e s  a r e d u c t io n  i n  t h e  Na-
d e p en d e n t  t r a n s p o r t  o f  o t h e r  n o n - e l e c t r o l y t e s ,
( F r i z z e l  & S c h u l t z ,  1 9 7 1 ) ,  In  t h i s  c a s e ,  o n ly  l o c a l i s e d  
changes  i n  N a - g r a d ie n t  may be  n e c e s s a r y .  U n f o r tu n a te ly ,  
( in  i s o l a t e d  c h ic k  c e l l s ) ,  no c o r r e l a t i o n  h a s  been  
fo u n d  betw een  r a t e  o f  t r a n s p o r t ,  and hence  t h e  r a t e  o f  
d i s s i p a t i o n  o f  t h e  N a - g r a d i e n t ,  f o r  one s u b s t r a t e ,  and 
t h e  d e g re e  o f  i n h i b i t i o n  o f  t r a n s p o r t  o f  a  com peting  
s u b s t r a t e ,  (Kimrnich & R a n d le s ,  1 9 7 3 a ) .
C oup ling  o f  n o n - e l e c t r o l v t e  and a c t i v e  Na t r a n s p o r t
D i r e c t  c o u p l in g . Because Na i s  n e c e s s a r y  f o r  th e  
a c t i v e  t r a n s p o r t  o f  a t  l e a s t  2 d i f f e r e n t  s u b s t r a t e  
s p e c i e s ,  Csaky s u g g e s te d  t h a t  t h e  Na re q u i re m e n t  was 
n o t  s p e c i f i c  t o  each  t r a n s p o r t  sys tem , b u t  g e n e r a l ,  i n  
t h a t  i t  was r e q u i r e d  f o r  N a -K -s t im u la te d  ATPase a c t i v i t y ,  
(Csaky, 1 9 6 3 ) .  A ll  u p h i l l  t r a n s p o r t  p r o c e s s e s  th e n  
d e r iv e d  e n e rg y  th ro u g h  th e  Na-K-pump and c a r r i e r s  w ere  
r e s p o n s i b l e  f o r  s p e c i f i c i t y  w i t h i n  t h e  t r a n s p o r t  sys tem , 
(Csaky, 1 9 6 1 ) .  The h ig h ly  s p e c i f i c  r e q u i r e m e n t  f o r  
Na, r a t h e r  th a n  o t h e r  m onovalen t o r  d i v a l e n t  i o n s ,  was 
s i m i l a r  f o r  b o th  n o n - e l e c t r o l y t e  t r a n s p o r t  and  Na-K- 
ATPase f u n c t i o n ,  (Csaky & T h a le ,  I9 6 0 ;  Csaky, I 96I ) .  
B ecause  o f  t h i s ,  S c h u l tz  and C urran , (1970), s u g g e s te d  
t h a t  t h e  sys tem s m igh t have  a p p e a re d  s im u l t a n e o u s ly  i n  
t h e  e v o lu t i o n  o f  m u l t i c e l l u l a r  o rg a n ism s .
I n d i r e c t  c o u p l i n g . More s u p p o r t  h a s  been  g iv e n  to  
i n d i r e c t  c o u p l in g  betw een  n o n - e l e c t r o l y t e  t r a n s p o r t  
and a c t i v e  Na t r a n s p o r t .  I n  t h e  sm a ll  i n t e s t i n e ,  
p a s s iv e  Na movement a c r o s s  t h e  m ucosal membrane i s  
fo l lo w e d  by a c t i v e  e x t r u s i o n  a t  t h e  s e r o s a l  membrane. 
Csaky and B ara  o b ta in e d  e v id e n c e  t h a t  t h e  s i t e  o f  
a c t i o n  o f  o u a b a in  i n h i b i t i o n  o f  m u c o s a l - s e r o s a l  
t r a n s p o r t  o f  3 -0 -m e th y lg lu c o s e  a c r o s s  t h e  sm a ll  
i n t e s t i n e  o f  b u l l f r o g  was a t  t h e  s e r o s a l  r a t h e r  th a n  
t h e  m ucosal s u r f a c e ,  (Csaky & H ara, 1 9 6 5 ) .  The 
i n h i b i t o r y  a c t i o n  o f  o u a b a in  was p r e v e n te d  by  h ig h  
s e r o s a l -Ko T h is  p r o v id e d  e v id e n c e  t h a t  a  f u n c t i o n a l  
Na pump was e s s e n t i a l  f o r  su g a r  t r a n s p o r t  w i th  o u a b a in  
a c t i n g  a t  t h e  s i t e  o f  a c t i v e  Na, r a t h e r  th a n  s u g a r ,
t r a n s p o r t .  These w o rk e r s ,  i n  s u p p o r t  o f  t h e i r  d i r e c t -  
c o u p l in g  c o n c e p t ,  co n c lu d ed  t h a t ,  i f  Na w ere  a s s o c i a t e d  
d i r e c t l y  w i th  n o n - e l e c t r o l y t e  movement, th e n  Na 
e x t r u s i o n  o u ^ t  t o  be  a t  th e  m ucosal s u r f a c e .  I f ,  
how ever, i t  i s  assum ed t h a t  m ucosal e x t r u s i o n  o f  Na i s  
n o t  e s s e n t i a l ,  th e n  t h e  p h y s i c a l . s e p a r a t i o n  o f  t h e  l o c i  
• f o r  t h e  o u a b a i n - s e n s i t i v e . Na pump, and t h e  n o n - e l e c t r o ­
l y t e  pump, would i n v a l i d a t e . a  d i r e c t - c o u p l i n g  h y p o th e s is *  
S i m i l a r l y ,  o u a b a in  was sh o w n .to  a f f e c t  t h e  N a - s e n s i t i v e  
m u c o s a l - s e r o s a l  f l u x . o f . t h e  amino a c i d  a l a n in e  a c r o s s  
r a b b i t  i le u m , when p r e s e n t  a t  t h e  s e r o s a l , . b u t  n o t  t h e  
m u co sa l ,  s u r f a c e ,  ( F i e l d ,  S c h u l t z . & C u rra n ,  19&7)#
L ev i  h a s  more r e c e n t l y  o b t a in e d  e v id e n c e  f o r  te m p o ra l  
a s  w e l l  a s  s p a t i a l  . s e p a r a t i o n  o f  th e  2 pumps, (L ev i ,  
1 9 7 2 )* The i n h i b i t o r y  e f f e c t s  o f  o u a b a in  o n Y - a m in o -  
b u t y r i c  a c id  (GABA) or<^ - a m in o i s o b u ty r i c  a c id  (AIB) 
u p ta k e  i n t o  c h ic k  b r a i n  t i s s u e  i n c r e a s e d  d u r in g  
developm ent from  embryo to  c h ic k  i n  a manner w hich  
p a r a l l e l e d  th e  i n c r e a s e  i n  Na-K-ATPase a c t i v i t y .
Uptake was i n h i b i t e d  by  Na d e f i c i e n c y  a t  a l l  s t a g e s  
o f  deve lo pm en t,  so t h a t  t h e  e x t e r n a l  Na e f f e c t  a p p e a re d  
t o  be in d e p e n d e n t  o f  o u a b a i n - s e n s i t i v e  Na pump a c t i v i t y *
In  a d d i t i o n ,  t h e  f i n d i n g  t h a t  a l a n i n e  i n f l u x  a c r o s s  
t h e  m ucosal b o rd e r  o f  r a b b i t  i le u m , a l th o u g h  d ep en d en t  
upon e x t r a c e l l u l a r  Na, was in d e p e n d e n t  o f  i n t r a c e l l u l a r  
Na, does n o t  a p p e a r  t o  s u p p o r t  Csaky*s v iew ; d e p l e t i o n  
o f  i n t r a c e l l u l a r  Na ough t t o  i n h i b i t  a c t i v e  t r a n s p o r t ,  
. . (S c h u l tz ,  C u rran , Chez & F u i s z ,  1967)#
* Io n  g r a d i e n t . hype t h e  s i s ,*
C rane, s tu d y in g  t h e  i n i t i a l  u p ta k e  o f  s u g a r s  i n  
h a m s te r  i n t e s t i n e ,  p ro p o se d  th e  N a - ^ r a d ie p t  hypo t h e s i s , . 
i n  an a t te m p t  to  e x p la in  th e  f i n d i n g s  t h a t  ( l )  e n t r y  
k i n e t i c s  c o u ld  be d e s c r i b e d  by t h e  M ic h a e l is -M e n te n  
e q u a t io n ,  (2) a c c u m u la t io n  was Na d e p en d e n t,  and (3) 
i n d i r e c t  .cou p ling  e x i s t e d  be tw een  a c t i v e  n o n - e l e c t r o ­
l y t e  t r a n s p o r t  and  Na-K-ATPase a c t i v i t y ,  (C rane ,
M x l le r  & B i h l e r , . 196I ) *  A t e r n a r y  complex betw een
Na, su g a r  and c a r r i e r  was p ro p o se d  f o r  t h e  i n f l u x  o f  
a c t i v e l y  t r a n s p o r t e d  s u g a r s .  The e n e r g e t i c a l l y  
m a in ta in e d  N a - g ra d ie n t  th e n  p ro v id e d  energy  f o r  
s u b s t r a t e  a c c u m u la t io n  v i a  membrane c a r r i e r s .  The 
c a r r i e r  was assumed to  m ig r a te  a c r o s s  t h e  c e l l  membrane 
in  e i t h e r  f r e e  o r  combined fo rm s . Thus, i n  o rd e r  t o  
a cc o u n t  f o r  t h e  t r a n s f e r  o f  en e rg y  from Na f l u x  to  
s u b s t r a t e  f l u x ,  a l lo w in g  a c c u m u la t io n ,  r a t h e r  th a n  
e q u i l i b r a t i o n  o f  s u b s t r a t e ,  Crane and  c o -w o rk e rs  
su g g e s te d  t h a t  t h e  b in d in g  o f  Na to  t h e  c a r r i e r  
c o n c o m ita n t ly  i n c r e a s e d  t h e  a f f i n i t y  o f  t h e  c a r r i e r  
f o r  n o n - e l e c t r o l y t e ,  (C rane , F o r s tn e r  & E ic h h o lz ,
1 9 6 5 ) .  Because o f  t h e  asym m etric  d i s t r i b u t i o n  o f  Na, 
i t  f o l lo w e d  t h a t  c a r r i e r  a f f i n i t y  f o r  amino a c id  would 
be l e s s  a t  t h e  i n t e r n a l  s u r f a c e ,  and n e t  inw ard  f l u x  
o f  s u b s t r a t e  would o c cu r  u n t i l ,  (w ith  i n c r e a s i n g  
i n t r a c e l l u l a r  c o n c e n t r a t i o n ) ,  th e  d e g re e  o f  s a t u r a t i o n  
o f  th e  c a r r i e r  a t  t h e  i n t e r n a l  s u r f a c e  e q u a l l e d  t h a t  
a t  t h e  e x t e r n a l  s u r f a c e .
In  a d d i t i o n  to  d e c r e a s in g  t h e  a p p a re n t  Km o f  i n f l u x  o f  
n o n - e l e c t r o l y t e s ,  e v id e n c e  e x i s t s  t h a t  t h e  Na io n  a l s o  
c au se s  an i n c r e a s e  i n  Vmax, (a  m o b i l i ty  p l u s  a f f i n i t y  
e f f e c t ) .  The e x t e n t  o f  t h e  c h an g es , ( e i t h e r  Km o r  
Km + Vmax), a p p e a rs  t o  v a ry  w i th  s u b s t r a t e  and  t i s s u e ,  
(A lv a rad o , 1972 ; C h r i s t e n s e n ,  1970; L in  & J o h n s to n e ,  
1 9 7 1 )* Heinz h a s  p o i n t e d  o u t  t h a t  a c c u m u la t io n  can 
o c c u r  o n ly  under v e ry  r e s t r i c t e d  c o n d i t i o n s  i f  c a r r i e r  
m o b i l i t y ,  b u t  n o t  a f f i n i t y ,  i s  a l t e r e d ;  t h a t  i s ,  when 
th e  p r o d u c t  o f  t h e  m o b i l i t i e s  o f  c a r r i e r  and t e r n a r y  
complex i s  g r e a t e r  th a n  th e  p ro d u c t  o f  t h e  two p o s s i b l e  
b in a r y  com plexes, and th e n  o n ly  i f  t h e  m o b i l i t y  o f  
t h e  empty c a r r i e r  i s  g r e a t e r  th a n  t h e  m o b i l i ty  o f  th e  
c a r r i e r / N a  complex, (H einz , 1 9 7 2 ) .  These changes in  
c a r r i e r  m o b i l i t y  have been  o f f e r e d  a s  an e x p la n a t io n  
o f  t h e  Na e f f e c t  on Vmax o f  su g a r  i n f l u x  in  s t r i p s  o f  
r a b b i t  i le u m , (G o ld n er ,  S c h u l tz  & C urran , I 9 6 8 ) .
The N a - g r a d ie n t  a lo n e  h a s  n o t  been shown t o  p r o v id e  
s u f f i c i e n t  e n e rg y  f o r  n o n - e l e c t r o l y t e  t r a n s p o r t .  I t
i s  th o u g h t  t h a t  a h ig h  i n t e r n a l  K may a c t  s y n e r g i s t i -  
c a l l y  w i th  a low i n t r a c e l l u l a r  Na, in  a N a -K -g ra d ie n t  
h y p o t h e s i s » Bosackova and Crane su g g e s te d  t h a t  K 
c o u ld  compete w i th  Na f o r  t h e  m o n o v a le n t - io n  b i n d in g -  
s i t e  on th e  c a r r i e r ,  r e n d e r i n g  i t  l e s s  e f f i c i e n t ,  
(Bosackova & C rane, I 9 6 5 ) » Asymmetric K, as  w e l l  a s  
Na,, d i s t r i b u t i o n  w ould  th e n  a l t e r  n o n - e l e c t r o l y t e  
a c c u m u la t io n  a s ,  n o rm a l ly ,  t h e  c a r r i e r  would t e n d  to  
d i s s o c i a t e  Na and b in d  K a t  t h e  i n t e r n a l  s u r f a c e  o f  
t h e  membrane, c o n v e r t in g  i t  t o  a form w ith  low  non­
e l e c t r o l y t e  a f f i n i t y ,  (h ig h  Km). I t  was s u g g e s te d  
t h a t  t h e  K - c a r r i e r  complex r e t u r n e d  t o  t h e  o u t e r  
s u r f a c e  o f  t h e  membrane, (C rane , F o r s tn e r  & E ic h h o lz ,
1 9 6 5).
F u r t h e r  e v id e n c e  f o r  an *ion g r a d i e n t  h y p o th e s is *
The i o n - g r a d i e n t  h y p o th e s i s  p r e d i c t s :
(1 ) an a s s o c i a t e d  movement o f  amino a c i d  and sodium, 
and  p o s s ib l y  p o ta s s iu m .  Ion  a n a ly s e s  o f  r a t  j e j u n a l  
mucosa, (Brown & P a rs o n s ,  1962) and m ucosal s t r i p s  o f  
r a b b i t  i le u m , (Koopman & S c h u l t z ,  I 9 6 9 ) ,  showed t h a t ,  
a l th o u g h  i n t r a c e l l u l a r  Na d id  n o t  v a ry  s i g n i f i c a n t l y ,
K was d e p re s s e d  i n  t h e  p r e s e n c e  o f  up to  2?mM o f  
a c t i v e l y  t r a n s p o r t e d  o r g a n ic  s o l u t e s ,  i n c l u d i n g  a l a n in e ,  
3 - 0 - m e th y lg lu c o s e ,  and g a l a c t o s e .  In  e a r l y  work, 
C h r i s te n s e n  n o te d  t h a t  a c c u m u la t io n  o f  amino a c i d  i n t o  
E h r l i c h  c e l l s  (from  h ig h  e x t e r n a l  c o n c e n t r a t i o n s ,  eg 
60mM), was accom panied  by a l o s s  in  i n t r a c e l l u l a r  K 
and a g a in  i n  i n t r a c e l l u l a r  Na, ( C h r i s te n s e n  & R iggs , 
1 9 5 2 ) .  L a t e r  work from  t h e  same l a b o r a t o r i e s ,  u s in g  
p ig e o n  e r y t h r o c y t e s ,  p r e s e n t e d  e v id e n c e  t h a t  i n t r a c e l l ­
u l a r  l e v e l s  o f  Na and K w ere  n o t  n o rm a l ly  a l t e r e d  
d u r in g  amino a c id  u p ta k e ,  (W heeler & C h r i s t  en s e n ,1 9 6 ? )*  
N e i th e r  i n f l u x  n o r  e f f l u x  o f  K was a f f e c t e d ,  b u t  b o th  
i n f l u x  and e f f l u x  o f  Na w ere i n c r e a s e d ,  so t h a t  no n e t  
movement o f  Na co u ld  be d e t e c t e d .  In  a d d i t i o n ,  t h o s e  
amino a c i d s  whose u p ta k e s  were most s t r o n g l y  s t i m u l a t e d  
by Na, c au se d  th e  s t r o n g e s t  s t i m u l a t i o n  o f  Na i n f l u x .  
The e x t r a  e f f l u x  a c t i v i t y  was o n ly  s l i g h t l y  a f f e c t e d  by
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o u a b a in  and , t h e r e f o r e ,  n o t  a s s o c i a t e d  w i th  t h e  norm al
e x t r u s i o n  o f  Na. I t  h a s  been s u g g e s te d  t h a t ,  i f  t h e  
a d d i t i o n a l  Na e f f l u x  w ere  a s s o c i a t e d  w i th  e f f l u x  o f  
endogenous amino a c i d s  r a t h e r  th a n  i n f l u x  o f  t h e  
e x p e r im e n ta l  amino a c i d ,  t h i s  p ro v id e d  i n d i r e c t  e v id e n c e  
fo ^  th e  N a - g r a d ie n t  h y p o t h e s i s ,  (S c h u l tz  & C u rran ,
, 1 9 'j'O)» S c h u l tz  & Z a lu sk y  ( I 9 6 5 ) ,  s tu d y in g  t h e  s h o r t -
c i r c u i t  c u r r e n t  a c r o s s  i s o l a t e d  r a b b i t  i leu m  a s  an Z
i n d i c a t i o n  o f  a c t i v e  t r a n s p o r t  o f  Na, found an i n c r e a s e  
i n  t r a n s m u r a l  c u r r e n t  i f  amino a c id  ( a l a n i n e ,  g l y c i n e  
o r  m e th io n in e )  were added t o  t h e  m ucosal s u r f a c e .
Ouabain p r e v e n te d  t h e  i n c r e a s e  i n  s h o r t - c i r c u i t  c u r r e n t ,  
i f  added a t  t h e  s e r o s a l  s u r f a c e .  The r e s u l t s  i n d i c a t e d  
t h a t  Na was n o t  m ere ly  a c t i n g  a s  an a c t i v a t o r  f o r  non­
e l e c t r o l y t e  t r a n s f e r ,  b u t  t h a t  Na movements o c c u r r e d  
i n  a s s o c i a t i o n  w i th  amino a c id  u p ta k e  i n  th e  i n t e s t i n e .
The N a /a l a n in e  i n t e r a c t i o n  in  r a b b i t  i le u m  h a s  s in c e  
been  e x t e n s i v e l y  s t u d i e d  and e v id e n c e  o b ta in e d  f o r  a 
model in  which s e q u e n t i a l  b i n d in g  o f  amino a c i d  and Na 
to  a t r a n s p o r t  s i t e  r e s u l t e d  i n  a t e r n a r y  complex and 
C O - tra n s p o r t  o f  Na and a l a n i n e ,  w i th o u t  d i r e c t  
u t i l i s a t i o n  o f  m e ta b o l ic  e n e rg y .  The model p r e d i c t e d  
t h a t  t r a n s l o c a t i o n  o f  complex was r e v e r s i b l e ;  t h a t  i s ,  ;
e f f l u x e s ?  in  a d d i t i o n  to  i n f l u x e s ,  o f  Na and a la n in e  
wei'o l in k e d ?  so t h a t  n e t  a l a n in e  movements w ere  
i n f lu e n c e d  by t h e  N a - g r a d ie n t ,  (C u rran , S c h u l t z ,  Chez 
& F u i s z ,  1 9 6 7 )* D ata  showed t h a t  a la n in e  i n f l u x  was 
i n f lu e n c e d  by e x t e r n a l  Na, ( S c h u l tz ,  C u rran ,  Chez &
F u i s z ,  1 9 6 7 ) ,  and e f f l u x  by i n t e r n a l  Na, ( H a j j a r ,
Lament & C urran , 1 9 7 0 ) .  In  a d d i t i o n ,  m ucosal a l a n in e  ,
c au se d  an i n c r e a s e  in  Na i n f l u x ,  and th e  e f f l u x  o f  Na 
from c e l l s  to  m ucosal s o l u t i o n  was a f f e c t e d  by t h e  
p r e s e n c e  o f  a l a n in e  i n s i d e  t h e  c e l l ,  (C u rran , H a j j a r  
& Glynn, 1 9 7 0 ) .
V id a v e r ,  s tu d y in g  t h e  u p ta k e  o f  g ly c in e  i n t o  * ly se d  
and r e s to r e d *  p ig e o n  e r y t h r o c y t e s ,  a g a in  found  t h a t  
a  d i r e c t  l i n k  e x i s t e d  be tw een  amino a c id  uptalce and 
Na i n f l u x ,  (V id av e r ,  1 9 6 4 a ) .  R a t io s  o f  be tw een  1 .5
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and 2 .2  w ere o b ta in e d  when th e  i n c r e a s e  i n  Na i n f l u x  
and N a-dependen t g l y c i n e  e n t r y ,  due to  a r a i s e d  e x t e r n a l  
g l y c i n e  c o n c e n t r a t i o n ,  (from  0 .3  t o  3mM), w e re  compared, 
(V idaver, 1964c)* T h is  im p l ie d  t h a t  2 Na io n s  e n te r e d  
th e  c e l l  in  a s s o c i a t i o n  w i th  each  g l y c i n e  m o le c u le ,  and 
a g re e d  w i th  t h e  s t o i c h i o m e t r i c  r e l a t i o n s h i p  o b ta in e d  by 
k i n e t i c  a n a l y s i s  o f  th e  Na dependency o f  g ly c in e  up take*  
The in c re m e n t  r a t i o s  c o u ld ,  how ever, be  d e te rm in e d  
s a t i s f a c t o r i l y  o n ly  i f  b a s a l  Na i n f l u x  were r e s t r i c t e d  
by  r e d u c t i o n  o f  e x t e r n a l  c h l o r i d e ,  (V id av e r ,  1964b ) .
(2 ) t h a t  th e  d i r e c t i o n  o f  n e t  n o n - e l e c t r o l y t e  movement 
be  d e te rm in e d  by t h e  d i r e c t i o n  o f  t h e  e l e c t r o - c h e m ic a l  
g r a d i e n t s  o f Na and K.
S u p p o r t in g  e v id e n c e  was o b ta in e d  when V id a v e r ,  i n  th e  
same s t u d i e s  d e s c r ib e d  above, d e m o n s tra te d  t h a t  th e  
m ag n itude  and d i r e c t i o n  o f  n e t  g ly c in e  movement in  
p ig e o n  e r y t h r o c y t e s  was d e te rm in e d  by th e  m agn itude  and 
d i r e c t i o n  of t h e  Na g r a d i e n t .  The l a t t e r  was 
m a n ip u la te d  d i r e c t l y  by m o d i f i c a t io n  o f  t h e  l y s i n g  and 
r e s t o r i n g  s o l u t i o n s .  (Lysed  and r e s t o r e d  c e l l s  had  a 
l i m i t e d  c a p a c i ty  f o r  g l y c i n e  a c c u m u la t io n ,  in  t h a t  when 
e x t e r n a l  g l y c i n e  was 0.6mM, a f i n a l  d i s t r i b u t i o n  r a t i o  
o f  2 was o b ta in e d ,  compared w i t h  8 in  i n t a c t  c e l l s .
T h is  c o u ld  be e x p la in e d  by t h e  c e l l s *  i n a b i l i t y  to  
a c t i v e l y  m a in ta in  i n t e r n a l  K and Na c o n c e n t r a t i o n .  I t  
was assumed t h a t  th e  t r a n s p o r t  mechanisms w ere  q u a l i t a ­
t i v e l y  s i m i l a r  in  b o th  c e l l  p r e p a r a t i o n s ,  (V id av e r ,  
1964a ) - )  E x te r n a l  Na s t i m u l a t e d  t h e  u p tak e  o f  g ly c in e  
b u t  had no d i r e c t  e f f e c t  on g l y c i n e  e f f l u x .
A ccum ula tion  o f  amino a c i d  was o b se rv e d  when a f a v o u r a b le  
transm em brane  N a - g ra d ie n t  e x i s t e d  b u t  n o t  when i n t r a c e ­
l l u l a r  Na exceeded  th e  e x t e r n a l  c o n c e n t r a t i o n .  The 
r e s u l t s  a p p e a r  to  be l i m i t e d  in  t h a t  o n ly  t h e  i n i t i a l  
g r a d i e n t s  f o r  Na and K w ere  p r e s e n t e d .
In  r a t  d iaphragm , a d i r e c t  r e l a t i o n s h i p  was found 
betw een AIB i n f l u x  and e x t r a c e l l u l a r ,  b u t  n o t  i n t r a c e ­
l l u l a r ,  Na c o n c e n t r a t i o n ,  (K ip n is  & P a r r i s h ,  I 9 6 5 ) .
The a u th o r s  im ply  t h a t  t h i s  a rg u e s  a g a i n s t  th e  Na 
e le c t r o c h e m ic a l  g r a d i e n t  a s  a m ajor d e te r m in a n t  in  
a c t i v e  AIB t r a n s p o r t ;  i n  f a c t ,  t h e  h y p o th e s is  on ly  
i n f e r s  t h a t  n e t  movement o f  amino a c id  depends upon 
t h e  g r a d i e n t .  A d d i t io n a l  f a v o u r a b le  e v id e n c e  h as  
been  o b ta in e d  d u r in g  in  v i t r o  s t u d i e s  o f  i n t e s t i n a l  
t r a n s p o r t .  Net p a s s iv e  f l u x e s  o f  Na d e te rm in e d  t h e  
d i r e c t i o n  o f  amino a c i d  movement, and amino a c i d  
( a la n in e )  f l u x  down i t s  c o n c e n t r a t i o n  g r a d i e n t  d e te rm in e d  
t h e  d i r e c t i o n  o f  Na movement a c r o s s  m ucosal s t r i p s  o f  
r a b b i t  i leu m , ( H a j j a r ,  Lament & C urran , 1970; C u rran ,  
H a j ja r  8c G lynn, 1 9 7 0 ) .  Eddy, i n  s t u d i e s  o f  g ly c in e  
movement i n  mouse a s c i t e s - tu m o u r  c e l l s ,  h a s  p ro p o se d  
t h a t  t h e  p o t e n t i a l  e n e rg y  f o r  amino a c id  t r a n s p o r t  i s  
in h e r e n t  i n  th% e le c t r o c h e m ic a l  g r a d i e n t s  o f  b o th  Na 
and K. His d a t a  showed t h a t ,  a f t e r  c y a n id e  p o is o n in g ,  
N a -dependen t g l y c i n e  i n f l u x  o c c u r r e d  and , a l th o u g h  
r e d u c e d ,  a n e t  g l y c i n e  a c c u m u la t io n  w hich  was 
d ep en d en t  upon th e  N a - g r a d i e n t ,  c o u ld  be m easured , 
(Eddy, Mulcahy & Thomson, 1967; Eddy, 1 9 6 8 a ) .
C e l l u l a r  Na was v a r i e d  by v a ry in g  e x t e r n a l  Na d u r in g  
p r e i n c u b a t i o n  w i th  c y a n id e .  An in c r e a s e d  i n t r a c e l l ­
u l a r  Na r e s u l t e d  i n  a  d e c r e a s e  i n  t h e  i n i t i a l  r a t e  o f  
u p ta k e  o f  g l y c i n e .  Eddy and co -w o rk e rs  su g g e s te d  
t h a t  t h i s  co u ld  be due to  e i t h e r  an i n c r e a s e d  e f f l u x  
o f  r a d i o a c t i v e l y  l a b e l l e d  g ly c i n e ;  o r  a g ly c in e  i n f l u x  
g o v e rn ed  by t h e  r a t e  o f  r e t u r n  o f  c a r r i e r  t o  t h e  
o u t e r  s u r f a c e  o f  t h e  membrane. E x te r n a l  K re d u c e d  
i n f l u x ,  p ro b a b ly  com peting  w i th  Na f o r  c a r r i e r  s i t e s ,  
(Eddy & Hogg, 1 9 6 9 ) .  An e f f e c t  o f  E - g r a d ie n t  was 
n o te d ,  in  t h a t  when i n t r a -  and  e x t r a - c e l l u l a r  Na 
c o n c e n t r a t i o n s  w ere  e q u a l ,  (30mM)jthe g l y c i n e  g r a d i e n t  
was l a r g e r  i f  c h o l in e  r e p l a c e d  e x t e r n a l  K, and an 
e q u a t io n  was p ro p o se d  t o  e x p la in  t h e  r e l a t i o n s h i p :
( ^ ) l n  = (Habut .
(Eddy, 1968b ) .  0  was l e s s  th a n  0 .0 2 5 ,  i e ,  t h e  e f f e c t
o f  K was s m a l l  compared w i th  t h a t  o f  Na*
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Ev id e n c e  a g a i n s t  a  s im p le  i o n - g r a d i e n t  h y p o th e s i s
Some o f  t h e  d a t a  o b ta in e d  w ere i n c o n s i s t e n t  w i th  t h e  
i o n - g r a d i e n t  h y p o t h e s i s .  C o n tro v e rsy  h a s  a r i s e n  a s  
t o  t h e  r e l a t i v e  im p o r ta n c e  o f  t h e  a l k a l i - m e t a l  io n  
g r a d i e n t s  and c e l l u l a r  ATP a s  s o u r c e s  o f  e n e rg y  f o r  
n o n - e l e c t r o l y t e  t r a n s p o r t .
Mouse a s c i t e s - tum our c e l l s ,  when t r e a t e d  w i th  NaCN 
b u t  w i th  norm al io n  g r a d i e n t s  m a in ta in e d ,  accum u la ted  
g l y c i n e  t o  only  ab o u t ZOf> o f  th e  norm al d i s t r i b u t i o n  
r a t i o  o b ta in e d  d u r in g  r e s p i r a t i o n ,  (Eddy, I9 6 0 )*
T h is  was i n d i c a t i v e  o f  a l i m i t i n g - f a c t o r  o t h e r  th a n  
th e  Na p lu s  K g r a d i e n t s .  When t h e  e q u a t io n  which 
Eddy p ro p o se d  to  e x p la in  g l y c i n e  a c c u m u la t io n  i n  te rm s  
o f  b o th  Na and K g r a d i e n t s ,  was a p p l i e d  to  m e th io n in e  
t r a n s p o r t  in  a s c i t e s  c e l l s ,  t h e n  v a lu e s  o f  & w ere  
o b ta in e d  o f  0*047 d u r in g  r e s p i r a t i o n ,  and 0 .0 1  in  t h e  
p r e s e n c e  o f  m e ta b o l ic  i n h i b i t o r s ,  (Reid & Eddy, 1971)* 
T h is  su g g e s te d  t h a t  t h e  c o u p l in g  o f  th e  K -g ra d ie n t  t o  
m eth ion in e  t r a n s p o r t  had  a m e ta b o l ic  r e q u i r e m e n t .
A d i r e c t  3 in k  betw een  c e l l u l a r  m etabo lism  and g l y c i n e  
t r a n s p o r t  i n  E h r l i c h  c e l l s  h a s  been  f u r t h e r  i n v e s t i g a t e d ,  
(P o ta sh n e r  Jo h n s to n e ,  1970; 1971)° C e l l s  were 
p r e i n c u b a t e d  m t h  v a ry in g  Na and K c o n c e n t r a t i o n s ,  w i th  
and w i th o u t  DNP, in  o r d e r  to  o b t a in  v a ry in g  i n t r a c e l l ­
u l a r  a lka li-n iie taX  io n  and  ATP c o n te n ts *  In  t h e  
a b sen c e  o f  ATP, t h e  c e l l s  were a b le  to  a ccu m u la te  
g ly c in e  a g a in s t  i t s  c o n c e n t r a t i o n  g r a d i e n t  i n  a manner 
which was dependen t upon Na, o r  Na + K, g r a d i e n t s .
In  t h e  p re s e n c e  o f  ATP, how ever, (w ith  norm al e x t r a c ­
e l l u l a r  Na) a c c u m u la t io n  was v e ry  much i n c r e a s e d  and 
e l e v a t i o n  o f  i n t r a c e l l u l a r  Na had l i t t l e  e f f e c t  on 
th e  s te a d y  s t a t e  v a l u e .  T h is  i n d i c a t e d  t h a t  c e l l u l a r  
ATP was a more im p o r ta n t  e n e rg y  so u rc e  f o r  amino a c id  
a c c u m u la t io n  th a n  t h e  io n  g r a d i e n t s .  Both e x t r a c e l l ­
u l a r  Na and c e l l u l a r  ATP d e c re a s e d  t h e  a p p a re n t  Km o f  
i n f l u x  w i th o u t  a l t e r i n g  Vmax, which s u g g e s te d  an 
e f f e c t  v i a  a c t i v a t i o n  of th e  s u b s t r a t e  c a r r i e r ,
( P o ta s h n e r  & Jo h n s to n e ,  1971)» L a te r  work, on th e
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same c e l l  t y p e ,  d e te rm in e d  th e  en e rg y  c o n t r i b u t i o n  o f  
t h e  K - g r a d ie n t ,  ( J o h n s to n e ,  1 9 7 2 ) .  Both Na and K 
g r a d i e n t s  were m a n ip u la te d  and t h e  a v a i l a b l e  p o t e n t i a l
e n e rg y  c a l c u l a t e d  a s  2 .JR T log(N ^  . K . ) c a l / r a o le .
Na- KT his  was compared w i th  t h e  ^ °  t h e o r e t i c a l
en e rg y  r e q u i r e d  f o r  o b se rv e d  g l y c i n e  d i s t r i b u t i o n  
r a t i o s ,  u s in g  an e x t e r n a l  g l y c i n e  c o n c e n t r a t i o n  o f  
O.lmM, i e . ;  2 . 3RTlog(g l v c i n e ) .  The maximum a v a i l a b l e  
en e rg y  was a b o u t  g ly c in e ^  e q u iv a le n t  t o  t h a t  
r e q u i r e d  f o r  g l y c i n e  a c c u m u la t io n  b u t ,  when e x t e r n a l  
K was i n c r e a s e d ,  a d e f i c i t  i n c r e a s e d ,  due to  a 
r e d u c t io n  i n  g r a d i e n t  e n e rg y ,  w i th  no accom panying 
e f f e c t  on th e  s te a d y  s t a t e  l e v e l  o f  g l y c i n e .  I t  
a p p e a re d ,  t h e r e f o r e ,  t h a t  t h e  K g r a d i e n t  was n o t  a 
m ajor so u rc e  o f  e n e rg y  f o r  g l y c i n e  a c c u m u la t io n .
I n f l u x  was, how ever, r e d u c e d  by  a  h ig h  e x t e r n a l  K.
This co u ld  be e x p la in e d  i f  K -b in d in g  to  c a r r i e r  s i t e  
re d u c e d  t h e  a f f i n i t y  o f  t h e  c a r r i e r  f o r  amino a c id ;  
a s  p r e v i o u s l y  p r e d i c t e d  by th e  i o n - g r a d i e n t  h y p o th e s is #  
J o h n s to n e  s u g g e s te d  t h a t ,  a l th o u g h  th e  a f f i n i t y  f o r  
c a r r i e r  s i t e  f o r  K was l e s s  th a n  t h a t  f o r  Na a t  th e  
e x t e r n a l  s u r f a c e ,  t h e  r e l a t i v e  a f f i n i t i e s  c o u ld  be 
r e v e r s e d  a t  t h e  i n t e r n a l  s u r f a c e ;  t h u s  K rem a in ed  
bound a t  t h e  i n t e r n a l  s u r f a c e  d e s p i t e  h ig h  i n t r a c e l l ­
u l a r  Na. T h is  e x p la in e d  th e  l a c k  o f  e f f e c t  o f  
i n t r a c e l l u l a r  Na. A p o s s i b l e  r o l e  f o r  ATP would be 
t o  m a in t a in  t h e  asym m etric  a f f i n i t i e s ,  e n h an c in g  t h e  
c o m p e t i t iv e  e f f e c t  due to  t h e  asym m etric  i o n .  
d i s t r i b u t i o n .
Again in  E h r l i c h  c e l l s ,  t h e  e n e rg y  e x p e n d i tu r e  needed  
to  m a in ta in  s t e a d y  s t a t e  AIB c o n c e n t r a t i o n  g r a d i e n t s  
h a s  been  c a l c u l a t e d  and compared w i th  t h e  en e rg y  
a v a i l a b l e  in  t h e  a l k a l i - m e t a l  g r a d i e n t s ,  ( Jacq u ez  & 
S c h a f e r ,  1 9 6 9 ) .  Assuming a 1 :1  r e l a t i o n s h i p ,  t h e  
e n e rg y  a v a i l a b l e  i n  t h e  Na e l e c t r o c h e m ic a l  g r a d i e n t  
a lo n e  d id  n o t  s a t i s f y  t h e  r e q u i r e m e n t .  R e s u l t s  
w e re , how ever, c o n s i s t e n t  w i th  t h e  f o r m a t io n  o f  a 
K / c a r r i e r  complex a t  t h e  i n n e r  s u r f a c e  o f  t h e  membrane
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and outw ard  movement o f  th e  complex, so t h a t  t h e  
r e t u r n  o f  t h e  c a r r i e r  t o  t h e  o u t e r  ' s u r f a c e  o f  t h e  
membrane co u ld  be d r iv e n  by t h e  K e le c t r o c h e m ic a l  
g r a d i e n t ,  A model b a se d  on b o th  Na and K g r a d i e n t s  
s a t i s f i e d  t h e  e n e rg y  r e q u i r e m e n t  b u t  100% e f f i c i e n c y  
o f  c o u p l in g  betw een io n  f l u x e s  and AIB movements was 
n e e d e d . T h is ,  and t h e  f a c t  t h a t  some a c c u m u la t io n  
o c c u r r e d  d e s p i t e  r e v e r s a l  o f  b o th  Na and K g r a d i e n t s ,  
s u g g e s te d  an a d d i t i o n a l  so u rc e  o f  e n e rg y .  The 
p o s s i b i l i t y  t h a t  AIB a c c u m u la t io n ,  i n  ex ce ss  o f  io n  
g r a d i e n t  p o t e n t i a l ,  was v i a  exchange w i th  endogeneous 
amino a c i d  was e x c lu d e d  i n  l a t e r  w ork, a f t e r  m easu ring  
t h e  amino a c id  p o o l ,  (S c h a fe r  & H einz, 1971)" These 
w o rk e rs  p r e s e n t e d  e v id e n c e  t h a t  t h e  t r a n s i e n t  g r a d i e n t  
o f  AIB i n t o  EAT c e l l s  ( a t  AIB s te a d y  s t a t e )  i n c r e a s e d  
a s  t h e  e l e c t r o c h e m ic a l  g r a d i e n t s  o f  Na and  K i n c r e a s e d ,  
showing some ag reem en t w i th  t h e  i o n - g r a d i e n t  h y p o t h e s i s .  
A b e t t e r  c o r r e l a t i o n  was o b ta in e d  u s in g  t h e  sum o f  t h e  
Na and K e l e c t r o c h e m ic a l  p o t e n t i a l  g r a d i e n t s  r a t h e r  
th a n  t h a t  o f  Na a lo n e ,  AIB was, how ever, t r a n s p o r t e d  
a g a i n s t  i t s  c o n c e n t r a t i o n  g r a d i e n t ,  d e s p i t e  r e v e r s a l  
o f  t h e  m onovalen t io n  g r a d i e n t s .  Again, t h i s  
s u g g e s te d  an a d d i t i o n a l  d r i v i n g  f o r c e .  S c h a fe r  and 
Heinz c a l c u l a t e d  t h a t  t h e  f l u x  o f  AIB c o u ld  be  r e v e r s e d  
o n ly  i f  t h e  o p p o s in g  e n e rg y  w ere  o f  th e  o r d e r  o f  4000 
jo u le s .m o le ~ ^  and s u g g e s te d  t h a t  AIB t r a n s p o r t  was 
d i r e c t l y  c o u p le d  to  m e ta b o l ism , g iv in g  an a d d i t i o n a l  
d r i v i n g  e n e rg y  a t  l e a s t  4000 j o u le s .m o l e ’"^ . One 
p o s s i b l e  so u rc e  o f  e r r o r  d i s c u s s e d  was t h a t  th e  
m easured  i n t r a c e l l u l a r  c o n c e n t r a t i o n  o f  Na was g r e a t e r  
t h a n  t h e  c y to p la s m ic  ( f r e e )  c o n c e n t r a t i o n  and t h a t  t h e  
e f f e c t i v e  transm em brane g r a d i e n t  was, t h e r e f o r e ,  
g r e a t e r  th a n  t h a t  c a l c u l a t e d .
One o f  t h e  a rg um en ts  u se d  i n  f a v o u r  o f  t h e  i o n - g r a d i e n t  
h y p o th e s i s  i s  t h a t  o u a b a in  does n o t  a f f e c t  t h e  i n i t i a l  
r a t e  o f  t r a n s p o r t  o f  n o n - e l e c t r o l y t e  b u t ,  due to  
b lo c k in g  o f  Na-K-ATPase, a f f e c t s  t h e  a c c u m u la t iv e  
c a p a c i t y  o f  th e  c e l l .  T h is  would be m e d ia te d  v i a  a
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t im e -d e p e n d e n t  r e d u c t io n  in  c e l l u l a r  io n  g r a d i e n t s ,  
and , hence , th e  asymmetry o f  th e  c a r r i e r  f o r  s u b s t r a t e ,  
( S c h u l tz  & C urran , 1970; C haralam pous, 1971)•  In  
mouse p a n c r e a s ,  however, o u a b a in  (lO^M) im m e d ia te ly  
d ecreased  g l y c i n e  i n f l u x  by 40%, w ith ou t a s u b s t a n t i a l  
e f f e c t  on Na and K g r a d i e n t s ,  (Lin & J o h n s to n e ,  1971)* 
T h is  t i s s u e ,  i n  v i t r o , was u n a b le  t o  m a in ta in  a  t r a n s ­
membrane N a - g ra d ie n t  and y e t  g l y c i n e  c o u ld  be accumu­
l a t e d  10- 12X from  an e x t e r n a l  c o n c e n t r a t i o n  o f  2mM, 
V a r i a t i o n  in  e x t r a c e l l u l a r  Na and K showed t h a t  a l th o u g h  
i n f l u x  was d i r e c t l y  p r o p o r t i o n a l  t o  e x t r a c e l l u l a r  Na 
c o n c e n tr a tio n , t h e  K g r a d ie n t , l i k e  t h e  Na g r a d i e n t ,  
was u n l i k e l y  t o  be a  m ajor d e te rm in a n t  o f  n e t  g l y c i n e  
t r a n s p o r t ' ,  Comparing t h e  transm erabrane p o t e n t i a l  
en e rg y  a v a i l a b l e  from th e  g r a d i e n t s  w i th  t h a t  r e q u i r e d  
t o  m a in ta in  g l y c i n e  s te a d y  s t a t e  v a lu e s ,  L in  & J o h n s to n e ,  
a ssum ing  a 1 : 1 :1  r e l a t i o n s h i p ,  c a l c u l a t e d  th a t  t h e  
e n e rg y  r e q u i r e m e n t  co u ld  be 2-3% t h a t  a v a i l a b l e #  DNP 
t r e a tm e n t  r e s u l t e d  in  r e d u c t io n  in  c e l l u l a r '  ATP and an 
a s s o c i a t e d  i n h i b i t i o n  o f  g ly c in e  i n f l u x .  The i n h i b i t i o n  
co u ld  be p a r t i a l l y  overcome by a d d i t i o n  o f  g lu ta m in e  or 
g lu ta m a te ;  t h i s  was e x p la in e d  by t h e  a b i l i t y  o f  th e  
c o r re s p o n d in g  k e to  a c id  t o  s u p p o r t  s u b s t r a t e - l e v e l  
p h o sp h o r y la tio n . D ata , t h e r e f o r e ,  s u g g e s te d  t h a t  
c e l l u l a r  ATP c o u ld  s u p p o r t  amino a c i d  t r a n s p o r t  and 
t h a t  o u ab a in  had  a d i r e c t  i n h i b i t o r y  a c t i o n .
Ouabain h a s  a l s o  been  shown to  hav e  a d i r e c t  e f f e c t  on 
g a l a c t o s e  i n f l u x  and e f f l u x  a c r o s s  b r u s h - b o r d e r  o f  
r a b b i t  ileum , (Holman & N a f t a l i n ,  1974)* R eplacem ent 
o f  e x t e r n a l  c h o l in e  w i th  Na r e s u l t e d  in  an i n c r e a s e d  
i n f l u x  which was p a r t i a l l y  p r e v e n te d  by ouabain#  An 
i n c r e a s e  in  e x t r a c e l l u l a r  Na a l s o  l e d  t o  an i n c r e a s e d  
i n t r a c e l l u l a r  Na. T h is ,  i n  te rm s  o f  t h e  i o n - g r a d i e n t  
h y p o t h e s i s ,  ough t to  have c a u se d  an in c r e a s e d  e f f l u x  
o f  g a la c to s e #  In  f a c t ,  a d e c r e a s e  was o b se rv e d  and 
t h i s  d e c r e a s e  was p reven ted  by o u a b a in .
B aker and P o ta s h n e r  have shown t h a t  t h e  N a-dependen t 
i n f l u x  o f  g lu ta m a te  i n t o  s q u id  axon and c ra b  w a lk in g -
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l e g  n e rv e  was re d u c e d  by c y a n id y and DNP, d e s p i t e  th e  
e x i s t e n c e  o f  a p p r e c i a b l e  a l k a l i - m e t a l  io n  g r a d i e n t s ,  
(Baker & P o ta s h n e r ,  1 9 7 3 a ,b ) .  E f f l u x  o f  g lu ta m a te  
from  s q u id  axon was shown to  be  a l s o  d ep en d en t upon 
c e l l u l a r  m e tab o lism , i n  t h a t  c y an id e  had an i n h i b i t o r y  
e f f e c t  w h ich  was r e l i e v e d  by i n j e c t i o n  o f  ATP, T here  
appeared} how ever, t o  be  s u f f i c i e n t  en e rg y  a v a i l a b l e  i n  
t h e  Na g r a d i e n t  a lo n e  t o  m a in t a in  t h e  i n t r a c e l l u l a r  
l e v e l s  o f  g lu ta m a te  in  t h e s e  t i s s u e s ,  (Baker & P o ta s h n e r ,  
1 9 7 3 b ) .  In  c ra b  w a lk in g - l e g  n e r v e ,  ATP d e p l e t i o n  
i n c r e a s e d  t h e  a p p a r e n t  Km of i n f l u x ,  w ith  no change in  
Vmax. These l a t t e r  two f i n d i n g s  i n d i c a t e d  t h a t  t h e  
ATP re q u i r e m e n t  f o r  i n f l u x  and a c c u m u la t io n  o f  amino 
a c id  was n o t  o b l i g a t o r y  b u t  ATP had a d i r e c t  e f f e c t  on 
t h e  t r a n s p o r t  sys tem  by i n c r e a s i n g  i t s  e f f i c i e n c y .
An a l t e r n a t i v e  to  t h e  i o n - g r a d i e n t  h y p o t h e s i s
In  i s o l a t e d  c h i c k - i n t e s t i n a l  e p i t h e l i a l  c e l l s  Kimmich 
d e m o n s tra te d  t h a t  g a l a c t o s e  (Kimmich, 1 9 7 0 ) ,  and 3 - 0 -  
m e th y lg lu c o se  (Kimmich & R a n d le s ,  1 9 7 3 a ) ,  t r a n s p o r t  
i n v o lv e d  a d i r e c t  i n p u t  o f  m e ta b o l ic  e n e rg y .  The 
s u g a r s  c o u ld  be a c t i v e l y  t r a n s p o r t e d  d e s p i t e  r e v e r s a l  
o f  t h e  Na and K g r a d i e n t s  and O.^mM o u a b a in  p a r t i a l l y  
b lo c k e d  th e  i n f l u x  w i t h in  3 0 se c o n d s .  S i m i l a r l y ,  
v a l i n e  was shown t o  be a c c u m u la te d  a g a i n s t  i t s  
c o n c e n t r a t i o n  g r a d i e n t  d u r in g  a c o n d i t i o n  o f  o u tw a rd ly -  
d i r e c t e d  N a - g r a d i e n t ,  (T ucker & Kimmich, 1 9 7 3 )-  Kimmich 
s u g g e s te d  t h a t  t h e  e n e r g i s a t i o n  o f  n o n - e l e c t r o l y t e  
t r a n s p o r t  by t h e  a l k a l i - m e t a l  io n  g r a d i e n t s  was o f  
l i m i t e d  im p o r ta n c e  when com pared w i th  a  d i r e c t  e n e rg y -  
i n p u t .  He a c c o u n te d  f o r  t h e  c h a r a c t e r i s t i c s  o f  th e  
t r a n s p o r t  sy s tem s in  an  a l t e r n a t i v e  h y p o th e s i s  i n  w hich  
t h e  e n e rg y  f o r  v a r i o u s  t r a n s p o r t  sy s tem s  (amino a c id ,  
su g a r  and m onovalen t io n )  was a s s o c i a t e d  w i th  a membrane- 
bound p h o s p h o r y la te d  i n t e r m e d i a t e  d e r iv e d  from  ATP, 
(Kimmich & R a n d le s ,  1973a; Kimmich, 1973)# The sy s tem  
was d ep end en t upon Na, in  t h a t  t h e  l a t t e r  was r e q u i r e d  
f o r  ATP h y d r o ly s i s  and p o s s i b l y ,  f o r  a l t e r e d  c a r r i e r  
m o b i l i t y ,  or a f f i n i t y  f o r  s u b s t r a t e .  K became
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i n h i b i t o r y  to  n o n - e l e c t r o l y t e  t r a n s p o r t  a s ,  i n  t h e  
p r e s e n c e  o f  K, en ergy  was u t i l i s e d  f o r  m onovalen t io n  
t r a n s p o r t .  The o u a b a in  b lo c k  was a t  th e  l e v e l  o f  th e  
p h o s p h o r y la te d  i n t e r m e d i a t e .  Kimmich h a s  a l s o  u sed  
h i s  model t o  e x p la in  t h e  su g a r /a m in o  a c i d  t r a n s p o r t  
i n t e r a c t i o n  ( d i s c u s s e d  e a r l i e r )  i n  te rm s  o f  a common, 
l i m i t e d ,  e n e r g i s e d  i n t e r m e d i a t e  r a t h e r  th a n  a common 
c a r r i e r ,  (Kimmich & R andles?  1 9 7 3 b ) .  Kimmich*s model 
c a n n o t ,  however? s a t i s f y  a l l  t h e  o b se rv e d  d a t a  f o r  
t r a n s p o r t .  For i n s t a n c e ,  th e  e n v is a g e d  d i r e c t  c o u p l in g  
betw een m onovalen t io n  t r a n s p o r t  and n o n - e l e c t r o l y t e  
t r a n s p o r t  do es  n o t  c o r r e l a t e  w i th  th e  o b se rv e d  s p a t i a l  
s e p a r a t i o n  o f  t r a n s p o r t  l o c i  i n  th e  i n t e s t i n a l  c e l l .
A lso , t h e  f i n d i n g  t h a t  an i n c r e a s e  i n  a c t i v e  N a - t r a n s p o r t  
accom panied  n o n - e l e c t r o l y t e  t r a n s p o r t  a rg u e s  a g a i n s t  
t h i s  p ro p o se d  m odel. A cco rd in g  to  th e  l a t t e r ,  a c t i v e  
a c c u m u la t io n  o f  n o n - e l e c t r o l y t e  sh o u ld  d e c r e a s e  a c t i v e  
Na e x t r u s i o n ;  o r ,  i f  t h e  e n e rg y  su p p ly  w ere  n o t  d e p le t e d ,  
a t  l e a s t  have no e f f e c t .  R e c e n t ly ,  c o n f i rm in g  e a r l i e r  
f i n d i n g s ,  o u a b a i n - s e n s i t i v e  Na e f f l u x  h a s  been  shovn to  
be s t i m u l a t e d  by t h e  a c t i v e l y  t r a n s p o r t e d  s u g a r s ,  
g lu c o s e ,  g a l a c t o s e ,  and 3- 0 -m e th y l  g lu c o s e ,  i n  r a t  
i s o l a t e d  i n t e s t i n a l  e p i t h e l i a l  c e l l s ,  (G a l l ,  B u t l e r ,  
Tepperman & H am ilton , 1974)* The in c r e a s e d  e f f l u x  
co u ld  n o t  be e x p la in e d  by an i n c r e a s e  i n  a v a i l a b l e  
m e ta b o l ic  en e rg y  a s  3 -OMG i s  n o n -m eta b o l i s a b l e .
Summary
The energy  a v a i l a b l e  i n  t h e  e l e c t r o c h e m ic a l  p o t e n t i a l  
g r a d i e n t s  o f  t h e  a l k a l i - m e t a l  io n s  h a s  been  c a l c u l a t e d  
t o  be j u s t  s u f f i c i e n t  t o  a c c o u n t  f o r  t h a t  r e q u i r e d  to  
m a in ta in  n o n - e l e c t r o l y t e  s t e a d y - s t a t e  d i s t r i b u t i o n  
l e v e l s  b u t  t h i s  s u g g e s te d  an e x tre m e ly  h ig h  c o u p l in g  
e f f i c i e n c y .  The c o u p l in g  e f f i c i e n c y  betw een amino 
a c i d  t r a n s p o r t  and a s s o c i a t e d  Na i n f l u x  ( r a t h e r  th a n  
t o t a l  Na i n f l u x )  in  E h r l i c h  c e l l s  h a s ,  how ever, been 
c a l c u l a t e d  to  be a d e q u a te ,  (Heinz & Geek, 1974)*
E v id ence  i n d i c a t e d  t h a t ,  i n  a d d i t i o n  to  t h a t  a v a i l a b l e  
from  t h e  io n  e l e c t r o c h e m ic a l  g r a d i e n t s ,  e n e rg y  was
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d i r e c t l y  a v a i l a b l e  from  c e l l u l a r  m e tab o lism  f o r  non­
e l e c t r o l y t e  t r a n s p o r t .  A l t e r n a t i v e l y ,  c e l l u l a r  ATP 
a c t e d  to  enhance  th e  e f f i c i e n c y  o f  t h e  c o u p l in g  betw een 
n o n - e l e c t r o l y t e  and a l k a l i - m e t a l  f l u x e s .
R e c e n t ly ,  how ever, t h e  l in k a g e  betw een amino a c id  
t r a n s p o r t  and ATP h y d r o l y s i s  h a s  been  s t u d i e d  d i r e c t l y  
( in  E h r l i c h  c e l l s )  by o b s e rv in g  ATP h y d r o l y s i s  in  t h e  
p r e s e n c e  o r  a b sen ce  o f  AIB, (Geek, Heinz & P f e i f f e r ,  
1 9 7 4 ) .  In  t h i s  i n s t a n c e ,  a c c u m u la t io n  o f  amino a c id  
d id  n o t  a p p ea r  to  be d i r e c t l y  e n e r g i s e d  by ATP 
m etab o lism , which i n f e r r e d  an u n i d e n t i f i e d  a d d i t i o n a l  
e n e rg y  so u rc e  t o  a cc o u n t  f o r  t h e  c e l l s *  a b i l i t y  t o  
a ccu m u la te  amino a c i d s  d e s p i t e  r e v e r s e d  a l k a l i - m e t a l  
io n  g r a d i e n t s #
Exchange D i f f u s i o n
The movement o f  amino a c i d  a c r o s s  t h e  c e l l  membrane 
can o ccu r  v i a  exchange d i f f u s i o n  a s  w e l l  a s  by a c t i v e  
t r a n s p o r t  and s im p le  d i f f u s i o n .  That i s ,  an amino 
a c id  on one s i d e  o f  t h e  membrane can s t i m u l a t e  movement 
o f . a n  amino a c id  i n i t i a l l y  l o c a t e d  on t h e  o t h e r  s id e  
o f  t h e  membrane. One h y p o t h e s i s  i s  t h a t  t h e  lo a d e d  
and u n lo ad e d  c a r r i e r s  have d i f f e r e n t  m o b i l i t i e s ,  t h e  
lo a d e d  c a r r i e r  moving much f a s t e r  so t h a t  t h e  u n i ­
d i r e c t i o n a l  fo rw a rd  f l u x  i s  s t i m u l a t e d  by t h e  p r e s e n c e  
o f  amino a c id  on t h e  o p p o s i t e  s i d e  o f  th e  membrane, 
(H einz , I 9 6 7 )* T h is  * co u n te rf lo w *  e f f e c t  was f i r s t  
o b se rv e d  in  th e  i n f l u x  o f  g l y c i n e  i n t o  E h r l i c h  a s c i t e s  
tum our c e l l s ,  (H einz , 1954)* Im in i n f l u x  from  an 
e x t e r n a l  c o n c e n t r a t i o n  o f  2 . 5mM was d ou b led  when t h e  
c e l l s  w ere p r e i n c u b a t e d  f o r  lOmin w i th  lOmM g l y c i n e .
L a t e r  work, s tu d y in g  th e  i n t e r a c t i o n s  amongst n e u t r a l  
amino a c i d s  d u r in g  t h e i r  u p ta k e  i n t o  E h r l i c h  c e l l s ,  
showed v a ry in g  a f f i n i t i e s  and c o m p e t i t io n  f o r  
t r a n s p o r t )  (Oxender & C h r i s t e n s e n ,  1963; C h r i s te n s e n  
& L a in g ,  1 9 6 5 ) .  At l e a s t  6 c a t e g o r i e s  w ere d e te rm in e d ,  
( C h r i s t e n s e n ,  I 9 6 8 ) .  The 2 p r i n c i p a l  w ere  c l a s s i f i e d
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a s  *A*, a l a n i n e - p r e f e r r i n g  ( f a v o u r in g  th e  t r a n s p o r t  o f  
a l a n i n e ,  g ly c in e ?  s e r i n e ,  t h r e o n i n e ,  p r o l i n e ,  a s p a r a g in e ,  
g lu ta m in e  and m e th io n in e ) ,  and *L*, l e u c i n e - p r e f e r r i n g  
( f a v o u r in g  t h e  t r a n s p o r t  o f  l e u c i n e ,  i s o l e u c i n e ,  v a l i n e ,  
p h e n y la la n in e  and m e th io n in e ) .  * A* m ed ia te d  amino 
a c i d s  had a  f i n a l  d i s t r i b u t i o n  r a t i o  o f  abo u t 20, w i th  
an u p ta k e  which was r e l a t i v e l y  slow  compared w i th  
m e d ia te d .  In  t h e  l a t t e r  g ro u p , how ever, a c c u m u la t io n  
was o n ly  ab ou t 2x, so t h a t  d i f f e r e n t  modes o f  e f f l u x  
w ere  s u g g e s te d .  E f f lu x  i n to  an amino a c i d - f r e e  
s o l u t i o n  was s i m i l a r  f o r  g l y c i n e  and l e u c in e  b u t  t h e  
e f f l u x  o f  l e u c i n e  co u ld  be a c c e l e r a t e d  by i n c r e a s i n g  
t h e  e x t e r n a l  c o n c e n t r a t i o n  o f  l e u c i n e .  Thus th e  
sy s tem s  were f u r t h e r  c a t e g o r i s e d  a s  * A* m e d ia te d ,  
r e s e m b l in g  a c t i v e  t r a n s p o r t ,  and *L* m e d ia te d ,  
r e s e m b l in g  exchange d i f f u s i o n .  There  was e x te n s iv e  
o v e r la p  ; a l l  amino a c i d s ,  e x c e p t  p o s s ib l y  g l y c i n e ,  
u s in g  b o th  m echanism s, (C h r i s te n s e n  & L a in g ,  196$)#  
S i m i la r  c o n c lu s io n s  have been re a c h e d  i n  N ov ik o ff  
hepatom a a s c i t e s  tumour c e l l s ,  (Belkhode & S c h o l e f i e l d ,  
1 9 6 9 )» T r a n s p o r t  was m in im ised  by i n c u b a t io n  a t  low 
t e m p e r a tu r e s ,  so t h a t  t h e  c o n t r i b u t i o n  o f  exchange 
d i f f u s i o n  to  t o t a l  t r a n s p o r t  co u ld  be more e a s i l y  
s t u d i e d .  At 20°G, e x t e r n a l  m e th io n in e  and  e th i o n i n e  
($mM) s t i m u l a t e d  t h e  e f f l u x  o f  r a d i o a c t i v e l y  l a b e l l e d  
AGPC, in d e p e n d e n t  o f  t h e  p r e s e n c e  o f  Na o r  K i n  t h e  
i n c u b a t i o n  medium* AIB and p r o l i n e  had no e f f e c t  on 
th e  m e th io n in e  s t i m u l a t i o n  o f  AGPC and were u n a b le  to  
th e m se lv e s  g iv e  r i s e  to  any s i g n i f i c a n t  exchange 
d i f f u s i o n .  At 37°C, m e th io n in e ,  AIB and p r o l i n e  
com peted d u r in g  t r a n s p o r t ,  i n d i c a t i n g  t h a t  m e th io n in e  
e n t e r e d  th e  c e l l  v i a  b o th  * A* and *L* s i t e s  and  th u s  
s u p p o r t in g  t h e  e v id e n c e  f o r  e i t h e r  s e v e r a l  c a r r i e r s  
o r  s e v e r a l  s i t e s  on one c a r r i e r .
Exchange d i f f u s i o n  o f  m e th io n in e ,  ( Jo h n s to n e  & 
S c h o l e f i e l d ,  196$ ) ,  and t r y p to p h a n ,  (Jacqu ez  and 
Sherman, 196$) i n  EAT c e l l s  i s  n o t  a f f e c t e d  by 
m e ta b o l ic  i n h i b i t o r s ,  f u r t h e r  d i s t i n g u i s h i n g  i t  from
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a c t i v e  t r a n s p o r t a  T h is  was c i t e d  by Jo h n s to n e  as 
e v id e n c e  t h a t  t h e  Na r e q u i r e m e n t  f o r  u p ta k e  i s  
a s s o c i a t e d  w i th  t h e  e n e rg y -d e p e n d e n t  n e t  t r a n s p o r t  
r a t h e r  th a n  s im p le  t r a n s l o c a t i o n  o f  amino ac id*  In  
t h e  l a t t e r  c a s e ,  i t  was s u g g e s te d  by Jacq u ez  t h a t ,  i f  
t h e  m e ta b o l ic  i n h i b i t o r s  w ere  to  a c t  o n ly  a t  t h e  f r e e  
c a r r i e r ,  t h e  r e s u l t s  c o u ld  be  e x p la in e d  by c o n s id e r in g  
exchange  d i f f u s i o n  a s  d is p la c e m e n t  o f  one amino a c i d  
f o r  a n o th e r  w i th o u t  a f r e e  c a r r i e r  i n t e r m e d i a t e .
U n l ik e  C h r i s t e n s e n ,  Jacq u ez  i n t e r p r e t s  h i s  r e s u l t s . i n  
te rm s  o f  a s i n g l e  c a r r i e r  (w ith  s e v e r a l  b in d in g  s i t e s ) ,  
( J a c q u e z ,  I 96I ) .
Exchange d i f f u s i o n  h a s  a l s o  been  d e m o n s tra te d  f o r  L - 
p h e n y la la n in e  in  c u l t u r e d  h a m s te r  c e l l s ,  (H are, 196?)> 
f o r  m e th io n in e  in  mouse p a n c r e a t i c  s l i c e s  (Clayman & 
S c h o l e f i e l d ,  I 9 6 9 ) and f o r  h i s t i d i n e  i n  S37 A s c i t e s  
tum our c e l l s ,  (M atthews, L e s l i e  & S c h o l e f i e l d ,  1 970 ) .
E v id e n c e ,  t h e r e f o r e ,  e x i s t s  t h a t  an amino a c id  i s  a b le  
t o  r e a c t  w i th  2 o r  more t r a n s p o r t  s i t e s .  W ith  t h e  
e x c e p t io n  o f  H einz , most w o rk e rs  have  fo u n d  t h a t  g l y c i n e  
was n o t  in v o lv e d  in  exchange d i f f u s i o n ,  (P ip e rn o  & 
Oxender, I 9 6 8 ; S c h a fe r  & H einz, 1971)*
Serum e f f e c t s
The grow th  o f  c e l l s  in  c u l t u r e  i s  a f f e c t e d  by g e n e t i c  
p r o p e r t i e s ,  c e l l  d e n s i t y  and a l s o  by t h e  s t i m u l a to r y  
a c t i v i t y  o f  serum, (C la rk e  & S to k e r ,  1971)* Growth 
c e a s e s  ( th e  c e l l s  r e m a in in g  in  G1 p h a se  o f  t h e  c e l l  
c y c le )  a t  a  s a t u r a t i o n  d e n s i t y  w hich  i s  c h a r a c t e r i s t i c  
o f  t h e  c e l l  ty p e  and  t h e  c o n c e n t r a t i o n  o f  serum  in  t h e  
c u l t u r e  medium, (C la rk e  & S to k e r ,  1971; J a i n c h i l l  & 
Todaro , 1 9 7 0 ) .  A d d i t io n  o f  serum to  a s a t u r a t i o n  
d e n s i t y  c u l t u r e  i n i t i a t e s  DNA s y n t h e s i s ,  and c e l l  
d i v i s i o n  o f  a l i m i t e d  number o f c e l l s ,  a f t e r  a v a r i a b l e  
t im e  l a g ,  (Todaro , L a z a r  & G reen, 196$ ) .  Growth- 
p ro m o tin g  a c t i v i t y  h a s  been  shown in  a l l  s e r a  t e s t e d  
and h a s  l i t t l e  s p e c i e s  s p e c i f i c i t y ,  (C la rk e  & S to k e r ,
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1971)•  The f a c t o r  i n i t i a t i n g  g row th  i s  n o n - d i a l y s a b le  
(Todaro e t  a l . ,  196$) and can be  p r e c i p i t a t e d  w i th  t h e  
gam m a-g lobu lin  f r a c t i o n  ( J a i n c h i l l  e t  a l . ,  1970) 
a l th o u g h  i t  i s  n o t ,  i t s e l f ,  a g am m a-g lo b u lin .  Serum 
a c t i v i t y  i s  d e p le t e d  d u r in g  c e l l  p r o l i f e r a t i o n  b u t  
s t u d i e s  a r e  c o m p l ic a te d  by a d d i t i o n a l  f a c t o r s  p ro duced  
by th e  c e l l s  th e m s e lv e s ,  (C la rk e  & S to k e r ,  1971)»
I t  was p o s s i b l e  t h a t  d e n s i ty - d e p e n d e n t  i n h i b i t i o n  o f  
g row th  was c o r r e l a t e d  w i t h  changes  in  membrane 
p e r m e a b i l i t y  and t r a n s p o r t .  The membrane w ould  th u s  
be  i n t i m a t e l y  i n v o lv e d  i n  g row th  r e g u l a t i o n . .  Hare 
s t u d i e d  t h e  t r a n s p o r t  o f  p h e n y la la n in e  (an L -m e d ia te d  
amino a c i d )  in  norm al and  polyoma t r a n s fo rm e d  h am ste r  
c e l l s ,  (H are, I 9 6 7 ) » A lthough  t h e  l a t t e r  c e l l  ty p e  
showed d im in is h e d  c o n ta c t  i n h i b i t i o n ,  he found  no 
s i g n i f i c a n t  d i f f e r e n c e s  in  t r a n s p o r t  p r o p e r t i e s  betw een 
t h e  two c e l l  t y p e s .  In  c o n t r a s t ,  F o s t e r  found  t h a t  
a c c u m u la t io n  o f  t h e  n o n - m e ta b o l i s a b le  amino a c id  AIB 
was g r e a t e r  i n  PY3T3 c e l l s  (no t s e n s i t i v e  t o  * d e n s i t y -  
depen den t * i n h i b i t i o n  o f  g row th) th a n  i n  3T3 c e l l s  
(show ing c o n ta c t  i n h i b i t i o n ) ,  ( F o s te r  & P a rd e e ,  19& 9)» 
C o n f lu e n t  3T3 c e l l s  a cc u m u la te d  AIB a t  a lo w er  r a t e  
th a n  n o n - c o n f lu e n t  b u t  when h ig h  d e n s i t y  c u l t u r e s  were 
m a in ta in e d  in  a c o n f lu e n t  s t a t e  by grow th  in  $0% serum , 
compared w i th  t h e  norm al 10%, th e n  t r a n s p o r t  was e q u a l .  
I t  was th u s  a p p a re n t  t h a t  AIB a c c u m u la t io n  was red u c ed  
o n ly  when grow th  had s to p p e d  b u t  i t  was n o t  e s t a b l i s h e d  
w h e th e r  th e  f i n d i n g  was t h e  cau se  o f , o r  a consequence  
o f , c e s s a t i o n  o f  g ro w th . The r e s u l t  was l i m i t e d  t o  
n o n - m e ta b o l i s a b le  amino a c i d s .
As serum i s  in v o lv e d  i n  g row th  r e g u l a t i o n ,  a s s o c i a t e d  
e f f e c t s  o f  s e r a  on membrane t r a n s p o r t  have been 
r e p o r t e d .  P h o sp h a te  and u r i d i n e  (RNA p r e c u r s o r s )  
t r a n s p o r t  i n t o  c o n f lu e n t  3T3 c e l l s  was s t i m u l a t e d  by 
a d d in g  serum in  f r e s h ,  o r  3 T 3 ~ a l te r e d ,  medium,
( P a r i s e r  & Cunningham, 1971)* In  th e  l a t t e r  c a se  
s t i m u l a t i o n  was l e s s  and i t  was s u g g e s te d  t h a t  
c o n f lu e n t  c e l l s  r e l e a s e  i n t o  t h e  medium a d i a l y s a b l e
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i n h i b i t o r  o f  t r a n s p o r t  whose e f f e c t  i s  c o u n te r a c te d  by 
serum . Serum had an a d d i t i o n a l  s t i m u l a t o r y  a c t i v i t y  
w hich  was d e p le t e d  e q u a l ly  by c o n f lu e n t  and  s u b c o n f lu e n t  
c u l t u r e s .
Most work h a s  b e en  to  s tu d y  serum  r e p l e t i o n  o f  c e l l s  
grown i n  s e ru m -f re e  c o n d i t i o n s .  (^H) u r i d i n e  u p ta k e  
i n t o  mouse embryo c e l l s ,  (H are, 1972a and b )  and b o th  
norm al and p o ly o m a - tra n s fo rm e d  h a m s te r  embryo c e l l s  
(Lemkin & H are, 1973) was s t i m u l a t e d  by a d d i t i o n  o f  
serum  t o  c e l l s  p r e v i o u s l y  grown i n  s e ru m -f re e  c o n d i t io n s #  
T h is  was c h a r a c t e r i s e d  by an i n c r e a s e d  Vmax w i th  no 
change in  t h e  a p p a r e n t  Km and t h e  c o n t in u a l  p r e s e n c e  
o f  serum was n e c e s s a r y  t o  m a in ta in  t h i s  i n c r e a s e d  
a c t i v i t y .  A g r e a t e r  t u r n o v e r  o f  p h o s p h o l ip id  was 
r e c o r d e d  i n  h e p a t o m a - t i s s u e - c u l t u r e  c e l l s  when c a l f  
serum was added a f t e r  1 4 - l 6 h r  d e p l e t i o n ,  (Knox & 
P a s t e r n a k ,  1973)*
The serum s t i m u l a to r y  e f f e c t  d oes  n o t  seem to  in v o lv e  
a l l  t r a n s p o r t  sy s te m s;  f o r  i n s t a n c e ,  p h e n y la la n in e  
t r a n s p o r t  i n to  * s e ru m -le s s*  mouse embryo c e l l s  was n o t  
a f f e c t e d  6h r  a f t e r  t h e  a d d i t i o n  o f  serum , (H are, 1 9 7 2 a ) .
In  v iew  o f  t h e s e  r e s u l t s  and e x i s t i n g  e v id e n c e  f o r  
serum f a c t o r s ,  i t  seemed o f  i n t e r e s t  t o  i n v e s t i g a t e  t h e
d i r e c t  e f f e c t s  o f  g row th  i n  v a r y in g  c o n c e n t r a t i o n s  o f
serum on th e  g l y c i n e  t r a n s p o r t  sy s tem s c h a r a c t e r i s e d  
f o r  HeLa and Xenopus l a e v i s  k id n e y  c e l l s .  P re v io u s  
work in  t h e  l a b o r a t o r y  had  shown t h a t  some f a c t o r  in  
norm al c a l f  serum c au se d  an i n c r e a s e  i n  t h e  number o f
sodium pumps i n  HeLa c e l l s ,  w i t h in  8h r ,  (Lamb, Boardman,
Newton & A lto n ,  1 9 7 3 ) .
Growth i n  re d u c e d  amino a c id  c o n c e n t r a t i o n s
T h is  work was begun in  an a t t e m p t  t o  d e te rm in e  w h e th e r  
serum s t i m u l a t i o n  o f  t r a n s p o r t  was a consequence  o f  
h ig h e r  e x t r a c e l l u l a r  amino a c id  c o n c e n t r a t i o n  d u r in g  
grow th  «
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In  1972 Gazzola, r e p o r t e d  t h a t ,  i n  b o th  i s o l a t e d  c a r d i a c  
c e l l  s u s p e n s io n s  and i n t a c t  p r e p a r a t i o n s  from  c h ic k  
embryo h e a r t ,  th e  A -m ed ia ted  amino a c i d  t r a n s p o r t  
a c t i v i t y  ( r e p r e s e n te d  e x p e r i m e n t a l ly  by AIB u p ta k e )  
i n c r e a s e d  w i th  th e  t im e  o f  i n c u b a t i o n  in  amino a c i d -  
f r e e  K re b s -R in g e r  b i c a r b o n a t e  b u f f e r ,  (G azzo la ,  F r a n c h i ,  
S a ib e n e ,  Ronchi & G u i d o t t i ,  1 9 7 2 ) .  T h is  i n c r e a s e  was 
a p p a r e n t  w i th in  I h r  and was p r e v e n te d  i f  A -m ed ia ted , 
b u t  n o t  L -m e d ia te d ,  amino a c i d s  were p r e s e n t  d u r in g  t h e  
i n c u b a t i o n .  The work p ro v id e d  e v id e n c e  t h a t  t h e  A- 
m e d ia te d  amino a c id  t r a n s p o r t  sy s tem  was r e g u l a t e d  in  
some manner by i t s  s u b s t r a t e s .  K i n e t i c  a n a l y s i s  o f  
u p ta k e  showed t h a t  c o n t r o l  was v i a  an a l t e r e d  Vmax
r a t h e r  th a n  Km. I n h i b i t o r s  o f  RNA t r a n s i ,  a t i o n
( c y c lo h e x im id e ) and RNA t r a n s c r i p t i o n  (AMD) p r e v e n te d  
t h e  i n c r e a s e  and cau se d  a p r o g r e s s i v e  d e c r e a s e  in  
t r a n s p o r t  a c t i v i t y *
L a t e r  s t u d i e s  from  t h e  same l a b o r a t o r i e s  d e s c r i b e d  th e
r e l a t i v e  n e e d s  f o r  mRNA t r a n s c r i p t i o n  and t r a n s i .  a t i o n
i n  t h e  r e g u l a t o r y  mechanism, (F ra n c h i -G a z z o la ,  G azzo la , 
R onchi, S a ib en e  & G u i d o t t i ,  1973)» C e l l s  w ere  p r e ­
in c u b a te d  in  aiiiino a c i d - f r e e  c o n d i t i o n s  i n  t h e  p re s e n c e  
o f  c y c lo h e x im id e ;  t h a t  i s ,  w i th  t h e  s t im u lu s  f o r  new 
t r a n s p o r t  a c t i v i t y  b u t  i n  a c o n d i t io n  o f  i n h i b i t e d  mRNA 
t r a n s l _ - a t i o n . S u b seq u en t  rem oval o f  c y c lo h ex im id e  
r e s u l t e d  in  an i n c r e a s e d  AIB u p ta k e ,  in  t h e  a b sen ce  o f  
amino a c i d s .  A lthou gh  re d u c e d , th e  i n c r e a s e  p e r s i s t e d  
i n  th e  p r e s e n c e  o f  t h e  A -m ed ia ted  amino a c i d  a l a n in e  o r  
AMD, added s e p a r a t e l y  b u t  n o t  t o g e t h e r .  I t  a p p e a re d  
t h a t  t r a n s c r i p t i o n  o f  mRNA, f o r  one o r  more p r o t e i n s  
in v o lv e d  in  A -m edia ted  amino a c i d  t r a n s p o r t ,  o c c u r r e d  
d u r in g  c y c lo h ex im id e  t r e a tm e n t  w i th o u t  amino a c id s  and 
t h a t  p r o t e i n  s y n t h e s i s  o c c u r r e d  d u r in g  th e  su b s e q u e n t  
i n c u b a t i o n  w i th o u t  c y c lo h e x im id e .  A -m ed ia ted  amino 
a c i d s ,  p r e s e n t  d u r in g  th e  p r e i n c u b a t i o n ,  p r e v e n te d  
t h i s ,  s u g g e s t in g  t h a t  s u b s t r a t e  c o n t r o l  was a t  th e  
l e v e l  o f  s p e c i f i c  mRNA t r a n s c r i p t i o n .  A l t e r n a t i v e l y ,  
i n  th e  p r e s e n c e  o f  amino a c i d ,  b o th  mRNA and a
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r e p r e s s o r  mRNA w ere p ro d u ce d  and th e  l a t t e r  a c t i v a t e d  
d u r in g  t h e  transl____ation phase*  R e p re s s o r  would be 
i n a c t i v a t e d ,  o r  n o t  p ro d u c e d ,  i n  t h e  ab sen ce  o f  A- 
m e d ia te d  amino a c id s*
The r e g u l a t o r y  c o n t r o l  was p a r t i a l l y  in d e p e n d e n t  o f  
e x t e r n a l  Na in  t h a t  when c h o l in e  r e p l a c e d  Na d u r in g  
p r e i n c u b a t i o n  in  amino a c i d - f r e e  medium t h e  t im e -  
d ep en d en t  i n c r e a s e  was re d u c e d  (from 4 t o  2X th e  b a se  
l e v e l )  b u t  n o t  a b o l i s h e d ,  (G azzo la ,  F r a n c h i -G a z z o la ,  
Ronchi Sc G u i d o t t i ,  1973)» Of th e  4 sy s tem s  f o r  
t r a n s p o r t  o f  n e u t r a l  and b a s i c  amino a c i d s  t e s t e d ,  3 @ 
nam ely  System s ÂSC, L and Ly*^ ", d i d  n o t  e x h i b i t  a d a p t iv e  
c o n t r o l .
S e v e r a l  a u th o r s  have n o te d  a s i m i l a r  i n c r e a s e d  amino 
a c i d  t r a n s p o r t  a c t i v i t y  a f t e r  p r e i n c u b a t i n g  t i s s u e  b u t  
none have a s s o c i a t e d  t h e  e f f e c t  w ith  low amino a c id  
c o n c e n t r a t i o n s  -  t h a t  i s ,  w i th  a  l a c k  o f  t r a n s p o r t a b l e  
s u b s t r a t e ;  f o r  i n s t a n c e ,  AIB u p ta k e  i n c r e a s e d  when 
im m ature r a t  u t e r u s  was in c u b a te d  in  K re b s -R in g e r  
b i c a r b o n a te  b u f f e r ,  (R ig g s , Pan & Peng, 1 9 6 8 ) .  S im i la r  
i n c r e a s e s  i n  t r a n s p o r t  a c t i v i t y  were found  f o r  L - 
p r o l i n e  and L - a l a n i n e  b u t  n o t  f o r  L - v a l i n e ,  L - p h e n y la -  
l a n i n e  o r  L - l e u c i n e ,  (L -m ed ia ted  amino a c i d s ) .  The 
i n c r e a s e d  u p ta k e  was c h a r a c t e r i s e d  by an i n c r e a s e d  
Vmax w i t h  no change in  Km and was p r e v e n te d  i f  Na was 
r e p l a c e d  by c h o l in e  d u r in g  t h e  p r e i n c u b a t i o n ,  o r  i f  
purom ycin  was p r e s e n t ,  (R iggs & Pan, 1 9 7 2 ) .
In  human p l a c e n t a l  t i s s u e  AIB u p tak e  i n c r e a s e d  to  g iv e ,  
a f t e r  3~5hr p r e i n c u b a t i o n ,  d i s t r i b u t i o n  r a t i o s  2$X 
e x t e r n a l  l e v e l ,  compared w i th  $X in  n o n - in c u b a te d  
t i s s u e ,  (Sm ith , Adcock, T e a s d a le ,  M eschia  & B a t t a g l i a ,  
1 9 7 3 ) .  Tews h a s  s u g g e s te d  t h a t  t h e  i n c r e a s e  i n  AIB 
u p ta k e  she and c o -w o rk e rs  found  i n  r a t  l i v e r  s l i c e s ,  
a f t e r  p r e i n c u b a t i o n  in  K re b s -R in g e r ,  may have  
r e f l e c t e d  an i n c r e a s e  i n  e f f e c t i v e  endogenous c y c l i c  
AMP l e v e l s ,  (Tews, Woodcock & H a rp e r ,  1970)* The 
l a t t e r  w o rk e rs ,  i n  c o n t r a s t  to  o t h e r s ,  found  t h a t  o n ly  
c y c lo h e x im id e ,  and n o t  /UMD, p r e v e n te d  t h e  i n c r e a s e d
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u p ta k e  and s u g g e s te d  t h a t  a t  l e a s t  p a r t  o f  t h e  p r o t e i n  
s y n t h e s i s  n e c e s s a r y  d id  n o t  r e q u i r e  new ly form ed mRNA#
R ic h e ls o n  h a s  r e p o r t e d  t h a t  i f  mouse n e u ro b la s to m a  c e l l s  
w ere s t a r v e d  f o r  48h r  o f  a p a r t i c u l a r  amino a c i d ,  th e n  
t h e  t r a n s p o r t  a c t i v i t y  f o r  t h a t  amino a c id  was i n c r e a s e d  
(a  re d u c e d  a p p a re n t  Km was r e c o r d e d ) ,  (R ic h e ls o n  & 
Thompson, 1973)*
In  t h e  l i g h t  o f  t h e  f i n d i n g s  o f  G azzo la  e t  a l . »  
C h r i s te n s e n  h a s  re v ie w e d  h i s  e a r l i e r  work on g u in e a  p i g  
l i v e r ,  ( C h r i s t e n s e n , 1973)* He had  found  t h a t  th e  
a c c u m u la t iv e  a b i l i t y  f o r  g ly c in e  and AIB i n c r e a s e d  to  
g iv e  a 4 - f o l d  i n c r e a s e  i n  d i s t r i b u t i o n  r a t i o ,  w i th in  
24hr a f t e r  b i r t h .  A lthough  no d i r e c t  e v id e n c e  was 
g iv e n ,  C h r is te n s e n  h a s  s u g g e s te d  t h a t  t h e  s t i m u l a t i n g  
(o r  d e r e p r e s s i n g )  f a c t o r  f o r  t r a n s p o r t  developm ent may 
be t h e  f a l l  i n  p lasm a amino a c id  l e v e l s  w hich  accom panied 
b i r t h .
In  1 962 , a f t e r  an e x t e n s i v e  s tu d y  o f  t h e  f r e e  amino a c i d  
c o n te n t s  o f  t i s s u e s ,  R o b e r ts  found  t h a t  c h a r a c t e r i s t i c  
d i s t r i b u t i o n s  o f  amino a c i d s  were r e t a i n e d  even when 
m ajo r  d i s t u r b a n c e s  were in d u ce d  in  t h e  h o m e o s ta t ic  
mechanisms o f  t h e  an im a l  a s  a w h o le , (R o b e rts  & Sim onsen, 
1 9 6 2 )* He c o n c lu d ed  t h a t  ^ rem ark ab le  b i o l o g i c a l  s e r v o ­
mechanisms* must e x i s t  t o  r e g u l a t e  a c o n t in u o u s  a d j u s t ­
ment o f  d i s t r i b u t i o n  betw een i n t r a -  and e x t r a - c e l l u l a r  
compartm ents*
T h is  c i t e d  e v id e n c e ,  and t h a t  to  be p r e s e n t e d ,  shows 
t h a t  su ch  a c o n t r o l  o f  r e g u l a t i o n  o f  t h e  a c t i v e  t r a n s p o r t  
o f  amino a c id s  does e x i s t .
T is su e  C u l tu r e
H is to r y
T is su e  c u l t u r e  can be d e s c r i b e d  a s  th e  grow th o f  t i s s u e  
f ra g m e n ts  in  i s o l a t i o n .  T here  i s  a l o s s  o f  t i s s u e  
o r g a n i s a t i o n  and p e r i p h e r a l  grow th o f  c e l l s  w hich  can 
th en  be  o b s e rv e d .  C e ll  c u l t u r e  i s  c l a s s i f i e d  under t h e
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h e a d in g  o f  t i s s u e  c u l t u r e  and r e s u l t s  from  t o t a l  l o s s  
o f  o r g a n i s a t i o n  o f  t i s s u e  and c e l l  d e d i f f e r e n t i a t i o n  
to  g iv e  a u n i fo rm ly  s i m i l a r  p o p u l a t i o n .
A lthough  t i s s u e  c u l t u r e  was f i r s t  r e c o r d e d  in  1866 
when von R e c k l in g h a u se n  su c ce ed e d  in  c u l t u r i n g  
am phib ian  b lo o d  c e l l s  f o r  up to  35 d ay s ,  t h e r e  i s  a 
p o s s i b i l i t y  t h a t  he and con tem porary  w o rk e rs  were 
m e re ly  d e la y in g  c e l l  d e a th ,  (P a u l ,  1 9 7 0 ) .  In  1907 
t i s s u e  c u l t u r e  was r e c o g n i s e d  and a c c e p te d  when Ross 
Go H a r r i s o n ,  u s in g  th e  *h ang ing -d rop *  t e c h n iq u e ,  was 
a b le  to  c u l t u r e  n e rv e  t i s s u e  from th e  s p i n a l  c o rd  o f  
t a d p o le  ( in  c l o t t e d  lymph from  f r o g )  and s u b s e q u e n t ly  
o b se rv e  th e  g row th  o f  axons i n t o  th e  medium» (W illm er, 
1966).
When A le x is  C a r r e l  i n t r o d u c e d  a s e p t i c  t e c h n iq u e s  i n t o  
t i s s u e  c u l t u r e  i n  1913 t h e  f i e l d  became open to  many 
more w orkers*  I t  i s  r e p o r t e d  t h a t  C a r re l  was a b l e  to  
keep  c o n n e c t iv e  t i s s u e  c e l l s  from  ch ic k  embryo h e a r t  
i n  a c t i v e  d i v i s i o n  f o r  34 y e a r s  (P a u l ,  1 9 7 0 ) ;  b u t  
e v id e n c e  now s u g g e s t s  t h a t  c h ic k  f i b r o b l a s t s  w i l l  n o t  
s u r v iv e  in  c u l t u r e  and t h a t  t h e s e  e a r l y  c u l t u r e s  were 
p ro b a b ly  seed ed  w i th  l i v i n g  c e l l s  as t h e  o ld  c u l t u r e s  
were f e d  c ru d e  e x t r a c t  from  c h ic k  embryos, ( H a y f l i c k ,  
1 9 6 8 ) 0
By 1914 t i s s u e  c u l t u r e  t e c h n iq u e s  had  been  u sed  to  
s tu d y  c y t o l o g i c a l  s t r u c t u r e ,  c e l l  movement and  c e l l  
d i v i s i o n  and had p r o v id e d  e v id e n c e  f o r  t h e  n e u ro n e  
t h e o r y  o f  t h e  n e rv o u s  sy s te m  and t h e  myogenic t h e o r y  
o f  h e a r t  b e a t .  Growth r e q u i r e m e n ts  w ere  i n v e s t i g a t e d  
and d e f in e d  m edia d e v e lo p e d .  An e n t i r e l y  s y n t h e t i c  
medium h a s  n e v e r  been  r e a l i s e d  and? w ith  th e  e x c e p t io n  
o f  one o r  two c e l l  t y p e s ,  c e l l s  need  a b i o l o g i c a l  
e x t r a c t  (eg* serum ) f o r  p ro lo n g e d  c u l t u r e .  In  th e  
1920*8 r e s e a r c h  f e l l  i n t o  two main s t r e a m s ,  (a) 
em bryonic  t i s s u e  developm ent -  n o t a b ly  i n  th e  
l a b o r a t o r i e s  o f  S trang ew ays  and F e l l  -  and (b) c e l l  
g ro w th , m u l t i p l i c a t i o n  and n u t r i t i o n .
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C e ll  c u l t u r e  h a s  p r o g r e s s e d  w i th  advances  i n  o t h e r  
f i e l d s ,  eg:
Phase  c o n t r a s t  m ic ro sc o p y  i n  t h e  s tu d y  o f  
chromosomal a c t i v i t y ,  c e l l  s u r f a c e  and p i n o c y t o s i s .
E l e c t r o n  m ic ro sc o p y , eg : t h e  f i n d i n g  t h a t  c o l l a g e n  
f i b r e s  a r e  found n e a r  th e  s u r f a c e  o f  f i b r o b l a s t s .
Chrom atography and  m ic r o a n a ly s i s  i n  s t u d i e s  o f  
c e l l  m etabolism *
I n  a d d i t i o n ,  t i s s u e  c u l t u r e  h as  l e d  t o  i n t e r e s t  and 
th e  p o s s i b i l i t y  of r e s e a r c h  i n  o th e r  f i e l d s ,  eg :
C e l l  d i f f e r e n t i a t i o n  d u r in g  em bryonic  d eve lo pm en t.
Cancer r e s e a r c h  by v i r a l  i n d u c t io n  o f  c a n c e r  in  
c o n t r o l l e d  * i n  v i t r o *  c o n d i t i o n s .
Chromosomal v a r i a t i o n  i n  r e l a t i o n  to  human 
abn o r m a l i t i  es «
S tu d ie s  o f  a g in g  i n  e u p lo id  c e l l s .
The i n v e s t i g a t i o n  o f  p r o t e i n  s y n t h e s i s  i n h i b i t o r s .
Membrane t r a n s p o r t  s t u d i e s  by r a d i o a c t i v e  t r a c e r  
te c h n iq u e s *
C e l l s  f o r  c u l t u r e  a r e  o b ta in e d  (a) from  t i s s u e  c u l t u r e d  
on a p lasm a c l o t  medium, ( c e l l s  grow p e r i p h e r a l l y  i n t o  
c a p i l l a r y  t u b in g ,  w hich  i s  th e n  b ro k en , and c e l l  
c o lo n ie s  s e p a r a t e d )  (b) by m ec h an ica l  o r  enzym atic  
d i s r u p t i o n  o f  t i s s u e s  t o  g iv e  c e l l s  in  su s p e n s io n ,
( c e l l  t y p e s  a r e  s e p a r a t e d  by d i f f e r e n t i a l  c e n t r i f u g ­
a t i o n ) .  C e l l s  a re  grown e i t h e r  a s  s u s p e n s io n s  in  
f l u i d  i n  r o t a t i n g  v e s s e l s  o r  d i r e c t l y  on g l a s s  (o r 
p l a s t i c )  a s  a m o n o lay e r ,  w i th  a f l u i d  medium. When 
t h e  c u l t u r e  i s  i n n o c u l a t e d  i n t o  new c u l t u r e  v e s s e l s  
a p r im a ry  p e l l  l i n e  i s  o b t a in e d .  Some l i n e s  dev e lo p  
t h e  p o t e n t i a l  t o  be s u b - c u l t u r e d  i n d e f i n i t e l y  and a r e  
th e n  c l a s s i f i e d  a s  e s t a b l i s h e d  c e l l  l i n e s . The 
t r a n s i t i o n  from  p r im a ry  to  e s t a b l i s h e d  may be g ra d u a l  
o r  may o c cu r  by t r a n s f o r m a t i o n .  Some p r im ary  c e l l
26
l i n e s ,  eg . human f i b r o b l a s t s ,  n e v e r  undergo  
sp o n ta n e o u s  t r a n s f o r m a t i o n  b u t  have a  d e f in e d  number 
o f  d i v i s i o n s  b e f o r e  d e a th ,  (H a y f l ic k ,  I 9 6 8 ) .  Mouse 
f i b r o b l a s t s ,  how ever, w i l l  a lw ays undergo  sp o n ta n eo u s  
t r a n s f o r m a t i o n  abou t 3 m onths a f t e r  t h e  p r im a ry  l i n e  
i s  e s t a b l i s h e d .
E s t a b l i s h e d  c e l l  l i n e s  g e n e r a l l y  have s i m i l a r  
c h a r a c t e r i s t i c s  i n  t h a t  th e y  have a d o u b l in g  t im e  o f  
1 2 -2 4  h o u r s ,  grow to  h ig h  d e n s i t i e s ,  have l i t t l e  s p a t i a l  
o r i e n t a t i o n  and can be e s t a b l i s h e d  in  s u s p e n s io n  
c u l t u r e s .  There  i s  u s u a l l y  l o s s  o f  s p e c i a l i s e d  
f u n c t i o n s ,  eg . k id n e y  e p i t h e l i a l  c e l l s  l o s e  t h e i r  b ru s h  
b o rd e r  and t h e r e  i s  a l o s s  o f  hormone p r o d u c t io n  from 
e n d o c r in e  c e l l s .  T here  a r e  some e x c e p t io n s ,  eg . 
f i b r o b l a s t s  g e n e r a l l y  r e t a i n  t h e i r  c a p a c i ty  t o  s e c r e t e  
c o l l a g e n  and  a n t i g e n s  c o n t r o l l i n g  s p e c i e s - s p e c i f i c i t y  
a r e  r e t a i n e d .
The HeLa s t r a i n  was e s t a b l i s h e d  a s  an e p id e rm a l  c e l l  
l i n e  by Gey in  1952 (Gey, Coffman & K ubicek , 1 9 5 2 ) 
from  human c e r v i c a l  c a rc ino m a  t i s s u e .  The c e l l s  a re  
t y p i c a l  o f  c a n c e r  c e l l s  i n  t h a t  t h e y  have  abnorm al 
chromosome num bers, be tw een  50 and 350 chromosomes p e r  
c e l l ,  compared w i th  t h e  norm al 4 6 , ( H a y f l i c k ,  I 9 6 8 ) .
The c e l l s  te n d  t o  be h y p o t e t r a p l o i d .  A neup lo idy  (no t  
a  s im p le  m u l t i p l e  o f  t h e  h a p lo id  number o f  chromosomes) 
o c c u r s  in  HeLa c e l l s  m o s t ly  a s  a r e s u l t  o f  a m u l t i p o l a r  
s p in d le  a t  m etaphase  o f  m i t o s i s .  The f r e q u e n c y  o f  
m u l t i p o l a r  s p i n d l e s  i s  a b o u t  35% o f  t h e  d i v i d i n g  c e l l s  
d u r in g  t h e  f i r s t  few days o f  s u b c u l tu r e ,  t r i p o l a r  b e in g  
t h e  most common ty p e ,  (Hsu & Moorhead, 1 9 5 6 ) .
Xenonus l a e v i s  k id n e y  c e l l s  ( l i n e  A-6) w ere e s t a b l i s h e d  
i n  1965 by R a f f e r t y  and a r e  a d u l t  e p i t h e l o i d  c e l l s ,  
( R a f f e r ty ,  1 9 6 9 )» The l i n e  e x h i b i t s  a n e u p lo id y  and i s  
d e s c r ib e d  a s  *v ig o ro u s*  compared w i th  s i m i l a r  am phibian 
l i n e s  w hich rem ain  eu p lo id *  The modal chromosome 
number i s  4 5 , compared w i th  t h e  d i p l o i d  number o f  3 6 . 
The minimum d o u b l in g  t im e  i s  22 h o u r s .  I t  i s  th o u g h t  
t h a t  a n e u p lo id y  and abnorm al gene c o m b in a t io n s  may be 
b e n e f i c i a l  t o  c e l l  s u r v i v a l  i n  c u l t u r e  in  an a r t i f i c i a l  
e n v iro n m e n t .
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MATERIALS
HeLa c e l l s  ( c lo n e  S -3 )  were o b ta in e d  from Flow 
L a b o r a to r i e s  L t d . ,  and  k e p t  a s  a f ro z e n  s to c k  i n  a  
Union C arb id e  LR-40  L iq u id  N i t ro g e n  r e f r i g e r a t o r  o r  
s u b c u l tu r e d  in  t h e  l a b o r a t o r y .
Xenopus c e l l s  ( l i n e  A-6) were o r i g i n a l l y  o b ta in e d  
from t h e  Zoology D epartm ent o f  t h i s  U n i v e r s i t y .
B.MoE. grow th m edia , g lu ta m in e ,  c a l f  and f o e t a l  bo v in e  
serum , b a la n c e d  s a l t  s o l u t i o n s  and amino a c id  and 
v i ta m in  c o n c e n t r a t e s  were from  Flow L a b o r a to r i e s  L td .  
W&Q grow th m edia and t r y p s i n  were from B io c u l t  
L a b o r a to r i e s  L td .  G en tam ic in  was from R ousse l 
L a b o r a to r i e s  L td .
G lucose  was p u rc h a s e d  from  B oo ts  G o .L td . and s o r b i t o l  
from  L a p o r te  I n d u s t r i e s  L td .
T r i s  b a se , c y c lo h e x im id e ,  a c t in o m y c in  D, a d e n o s in e  
tr ip h o sp h a te  (d i- so d iu m  s a l t ) ,  L - l e u c i n e ,  X -a m in o iso -  
b u t y r i c  a c i d ,  and D -c y s te in e  h y d r o c h lo r id e  w ere  bought 
from  Sigma Chemical Co. Ouabain g lu c o s id e  was from 
th e  L a b o r a to i r e  N a t i v e l l e ,  P a r i s .  The l i q u i d  
s c i n t i l l a t o r  was NE 250 from  N u c lea r  E n t e r p r i s e s  L td. 
(2-^H) g ly c in e  was o b ta in e d  from  t h e  R ad iochem ica l 
C e n tre ,  i'imersham. The re m a in in g  c h em ic a ls  an d  d ru g s ,  
i n c l u d i n g  2 ,4  d i n i t r o p h e n o l ,  i o d o a c e t i c  a c id  and  
io d o a c e ta m id e ,  w ere  p u rc h a s e d  from B r i t i s h  Drug H ouses .
Table 1
B a sa l  Medium E ag le  (BME)
Amino a c i d s  m e / l V itam in s m g/l
L - a r g i n i n e  HCl 2 1 .1 D - b io t in 1 .0
L - c y s t i n e 1 2 ,0 D -C a -p a n to th e n a te 1 ,0
L -g lu ta ra in e 2 9 2 .0 c h o l in e  c h l o r i d e 1 .0
L - h i s t i d i n e  HCl 9 .6 f o l i c  a c i d 1 .0
L - i s o l e u c i n e 2 6 .2 i - i n o s i t o l 2 .0
L - le u c in e 2 6 ,2 n ic o t in a m id e 1 ,0
L - l y s i n e  HCl 36 .5 p y r id o x a l  HCl 1 .0
L -m e th io n in e 7 .5 r i b o f l a v i n 0 .1
L- p h e n y la la n in e 1 6 .5 th ia m in e  HCl 1 .0
L - th r e o n in e 2 3 ,8
L - t r y p to p h a n 4*0
L - t y r o s i n e 1 8 ,1
L - v a l in e 2 3 .4







g lu c o s e  










W olf & Quimbv*s am phib ian  c u l t u r e  medium (W&Q)
Araino a c i d s m g/l V itam in s m g /l
L - a r g i n i n e  HCl 6 9 .5 0 c h o l in e  c h l o r i d e 0 .5 5 0
L - c y s t i n e 1 3 .2 0 f o l i c  a c i d 0 .5 5 0
L -g lu ta m in e 1 6 1 .0 0 i - i n o s i t o l 1 ,1 0 0
L - h i s t i d i n e  HCl.H^O 2 3 .1 0 n ic o t in a m id e 0 .5 5 0
L - i s o l e u c i n e 2 8 .6 0 D-Ca p a n to th e n a t e 0 .5 5 0
L - le u c in e 2 8 .6 0 p y r id o x a l  HCl 0 .5 5 0
L - l y s i n e  HCl 4 0 .20 r i b o f l a v i n 0 .0 5 5
L -m e th io n in e 8 .3 2 th ia m in e  HCl 0 .5 5 0
L - p h e n y la la n in e 1 8 .2 0
L - th r e o n in e 2 6 .2 0
L - t r y p to p h a n 5 .6 2
L - t y r o s i n e 1 9 .8 0
L - v a l in e 2 5 .8 0
I n o r g a n ic  s a l t s  and o t h e r  cornoonents m e / l
NaCl 3740 g lu c o s e 800
KCl 320 p h e n o l  r e d 8
NaHgPO^HgO 100 NaHGOo 1760
MgSO,.7H2O 160 Whole egg
CaClo (anhyd . ) 160 u l t r a f i l t r a t e  (mis)
Table 3





p h e n o l  r e d  (0.5%) 1 ml
( f i l t e r  s t e r i l i z e d )
Table 4
Components HeLaK rebs Ca—s o r b i t o l
Xenopus 
W&Q s a l t s  s o r b i t o l
NaCl 137 mM 64 mM
KCl 5 .4  mM — 4 .3  mM -
CaClg 2 .8  mM 2 . 8  tilM 1 .4  mM 1 .4  mM
M g S 0 , y 7 H 2 0 1 ,2  mM 1 .2  mM 0 .7  mM 0 .7  mM
NaH^PO^ 0 ,3  mM — 0 .6  mM —
KH2P0^ 0 .3  mM — - -
HCl (M) 12 m? 12 ml 12 ml 12 ml
T r i s  b a se 1660 m g /l 1660 m g/l 1660 m g /l 1660 m g /l
g lu c o s e 1000 m g /l - 1000 m g /l -
s o r b i t o l 4 9 9 5 0  m g/l - 3 5 0 0 0  m g /l
c a l f  serum 10 ml - —
f o e t a l  b ovin e — 10 mlserum
C om position  o f  e x p e r im e n ta l  s a l t  s o l u t i o n s .
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• METHODS 
S u b c u l tu r e  o f  c e l l s
HeLa
A ll  c u l t u r e  m ethods w ere  c a r r i e d  o u t ,  a s e p t i c a l l y ,  i n  
a * B assa ire*  la m in a r  f lo w  c a b i n e t .  R o u t in e  grow th  
medium was B a sa l  Medium E ag le  (b *M*E«) (see  T ab le  1) 
su p p lem en ted  w i th  10% c a l f  serum . G en tam ic in  b a se  
was added to  g iv e  a c o n c e n t r a t i o n  o f  0 .04m g/m l. The 
c e l l  l i n e  was m a in ta in e d  a t  37°C a s  r o l l e r  c u l t u r e s ,  
o r  i n  Roux b o t t l e s ,  se e d e d  a t  50 ,000  c e l l s / m l  medium.
For e x p e r im e n ta l  p u rp o s e s ,  t h e  c e l l s  w ere grown a s  
m o no layers  on p l a s t i c  P e t r i  d i s h e s  ( p l a t e s )  -  d ia m e te r  
9cm o
* P l a t i n g - o u t  *. Medium was d r a in e d  from  a Roux b o t t l e  
and 5ml t r y p s i n  (0*025% in  M g /C a-free  E a r l e * s  b a la n c e d  
s a l t s  s o l u t i o n )  added to  t h e  c e l l  l a y e r .  The ro u x  was 
in c u b a te d  a t  37°C u n t i l  t h e  c e l l s  began to  s e p a r a t e .
The t r y p s i n  was th e n  n e u t r a l i s e d  by ad d in g  a s m a l l ,  
Icnown, volume o f  medium and th e  c e l l  c l u s t e r s  b ro k en , 
by b l a s t i n g  w i th  a s y r i n g e ,  to  g iv e  i n d i v i d u a l  c e l l s .  
Medium was added to  t h e  c e l l  s u s p e n s io n  t o  g iv e  a f i n a l  
c o n c e n t r a t i o n  o f  50 ,000  c e l l s / m l  and 10ml a l i q u o t s  
d e l i v e r e d  t o  p l a t e s  u s in g  a 'Brewer* a u to m a t ic  p i p e t t i n g  
m achine  (BBL model 4 0 ) .  The p l a t e s  w ere  p la c e d  in  
p l a s t i c  bo xes , e q u i l i b r a t e d  w i th  a  95% a i r /  5% 002 
m ix tu r e  and s e a l e d  w i th  a u to c la v e  t a p e .  C e l l s  w ere 
grown to  m on o layers  by i n c u b a t i n g  f o r  3 t o  4 d a y s  a t  
37°C,
Xenopus
S im i la r  t e c h n iq u e s  w ere employed f o r  Xenopus c e l l s ,  
w i th  some m o d i f i c a t i o n s .  The grow th medium was W olf 
& Quimby* s am phib ian  c u l t u r e  medium (W&Q) (see  T ab le  2 ) ,  
n o rm a l ly  su p p lem en ted  w i th  10% f o e t a l  b o v in e  serum . 
Growth t e m p e r a tu r e  was 26^0 . D uring  s u b c u l t u r e ,  th e  
c e l l  l a y e r  was r i n s e d  w i th  V ersen e  s o l u t i o n  ( f o r  
com ponents, see  T ab le  3) to  b in d  f r e e  Ca, p r i o r  t o
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add ing  t h e  d i l u t e  t r y p s i n .  The c e l l s  w ere  grown in  
an a i r  a tm o sp h e re .
R o u t in e  m easurem ents
C e l l  number
P l a t e s  w ere washed, d r a in e d  and th e  c e l l  m onolayer 
d i s p e r s e d  by add ing  1ml t r y p s i n  (0.25% in  M g/C a-free  
E a r l e * 8 b a la n c e d  s a l t s  s o l u t i o n )  and i n c u b a t i n g  f o r  
a p p ro x im a te ly  5 m in u te s .  The t r y p s i n  was n e u t r a l i s e d  
by add in g  4nil K rebs, o r  W&Q s a l t  s o l u t i o n ,  and any c e l l  
c l u s t e r s  re m a in in g  w ere s e p a r a t e d  by b l a s t i n g  w i th  a 
s y r i n g e .  Sam ples o f  c e l l  s u s p e n s io n  were d i l u t e d  w ith  
ISOTON and co u n ted  on a  C o u l te r  c o u n te r ,  model Zp, o r  
by u s in g  a C o u l te r  C h a n n e ly se r .  A llow ing f o r  th e  
d i l u t i o n  f a c t o r ,  t h e  number o f  c e l l s  was ta k e n  a s  t h e  
i n t e g r a t i o n  o f  t h e  curve  p ro d u ced  from p a r t i c l e  number 
a g a i n s t  p a r t i c l e  s i z e .  A c cu ra te  * p l a t i n g *  o f  c e l l s  
and a c o n s t a n t  p l a t i n g  e f f i c i e n c y  r e s u l t e d  in  a  un ifo rm  
number o f  c e l l s  p e r  p l a t e ,  ( in  a random ly chosen 
e x p e r im e n t ,  th e  S .E .  was 1% of t h e  m ean). I t  was th u s  
p o s s i b l e  to  u se  a mean v a lu e  in  c a l c u l a t i o n s  when t h e  
c e l l  number cou ld  n o t  be  e s t im a te d  f o r  each i n d i v i d u a l  
p l a t e ;  eg ; i n  m easu r in g  io n  c o n te n t s ,  when t h e  e x t r a c ­
e l l u l a r  e x t r a c t i o n  medium was N a /K - f re e .
C e l l  volume
C e l l  s u s p e n s io n s  w ere  o b ta in e d  by t r y p s i n i s a t i o n ,  a s  
p r e v i o u s l y  d e s c r i b e d .
(1) C e l l  d ia m e te r  was m easured  u s in g  a c a l i b r a t e d  
m ic ro m e te r  e y e p ie c e .  Assuming t h a t  t r y p s i n i s e d  c e l l s  
have  a volume com parab le  t o  t h a t  o f  norm al ( f l a t t e n e d )  
c e l l s  b u t  a re  s p h e r i c a l  (Burrows & Lamb, 1962) c e l l  
volume was c a l c u l a t e d  from  4 /3 tT r‘' ,  (where r  = r a d i u s ) .  
G e n e ra l ly ,  t h e  volume o f  20-40 c e l l s  was m easured  and 
th e  mean volume u se d  in  c a l c u l a t i o n s .  T h is  v a lu e  
a g re e d  w i th  t h a t  o b ta in e d  by method (2 ) .
(2) T o ta l  c e l l  volume p e r  p l a t e  was m easured  r o u t i n e l y  
(w ith  c e l l  number) u s in g  a C o u l te r  c o u n te r ,  model Zp,
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w i th  a C h ann e ly se r  CIOOO, (Reed, Hughes, T a y lo r  &
B ruce , 19&9). The mean c e l l  volume cou ld  th e n  be 
c a l c u l a t e d .  The i n s t r u m e n t  was c a l i b r a t e d  u s in g  
l a t e x  s p h e re s  o f  known volum e. C e ll  s u s p e n s io n s  were 
d i l u t e d  w i th  ISOTON and t h e  volume m easured  w i t h i n  
20min. In  a s i n g l e  c o u n t ,  a cu rve  of c e l l  number 
a g a i n s t  c e l l  s i z e  (o r  ch an n e l  number) c o u ld  be o b ta in e d  
and th e  curve i n t e g r a t e d ,  u s in g  Simpson*s r u l e ,
(Boardman, H u e t t ,  Lamb, Newton & P o iso n ,  1974)*
I n t r a c e l l u l a r  w a te r  e s t im a t i o n
In  s e v e r a l  e x p e r im e n ts  th e  volume o f  norm al c e l l s  was 
compared w i th  t h a t  o f  c e l l s  p l a c e d  in  a medium o f  
d e f in e d  i n c r e a s e d  o sm o tic  s t r e n g t h .  Assuming t h a t  th e  
d ry  w e ig h t  rem a in ed  c o n s t a n t  and t h a t ,  i n  h y p e r to n ic  
s o l u t i o n s ,  th e  c e l l  behaved  a s  an osmometer, c e l l  w a te r  
was c a l c u l a t e d  from  -  Vg
(1 -
w here  = volume a t  o sm o tic  p r e s s u r e  o f
Vg = volume a t  o sm o tic  p r e s s u r e  o f
A v a lu e  f o r  w a te r  c o n te n t  o f be tw een  72% and 74% o f
t o t a l  c e l l  volume was o b t a in e d .
R a d io a c t iv e  f l u x e s  and Ion  c o n te n t s
The method o f  u s in g  c e l l  m o no lay ers  to  m easu re  f l u x e s  
and  io n  c o n te n t s  e l i m i n a t e s  many o f  th e  d i f f i c u l t i e s  
and i n a c c u r a c i e s  i n h e r e n t  in  e x p e r im e n ts  which in v o lv e  
w hole  t i s s u e  p r e p a r a t i o n s  o r  c e l l  s u s p e n s io n s .  I n t a c t  
t i s s u e  may c o n ta in  s e v e r a l  c e l l  t y p e s ,  w i th  d i f f e r e n t  
f u n c t i o n a l  c a p a c i t i e s .  U sing whole t i s s u e ,  an a c c u r a t e  
d e te r m in a t io n  o f  e x t r a c e l l u l a r  s p a c e  i s  o f  c r i t i c a l  
im p o r ta n c e  f o r  c o r r e c t  a s se s sm e n t  o f  i n t r a c e l l u l a r  sp ace  
and c o n te n t s .  G e n e r a l ly  t h e  i n u l i n  sp ace  ( u s in g  (^H) 
i n u l i n )  i s  d e te rm in e d  a t  t h e  same t im e  a s  f l u x e s  a re  
m easu red . M onolayer e x p e r im e n ts  do n o t  i n v o lv e  
e x t r a c e l l u l a r  s p a c e .
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The f a c t  t h a t  m on o layers  a r e  e a s i l y  and r a p i d l y  washed 
(x4 in  20 se co n d s )  means t h a t  i n f l u x e s  can be m easured  
a c c u r a t e l y  o v e r  s h o r t  p e r i o d s  o f  t im e .  C e l l s  grown 
and u sed  i n  su s p e n s io n  in v o lv e  e x p e r im e n ta l  p ro c e d u re s  
w hich  im ply  two a d d i t i o n a l  s o u rc e s  o f  e r r o r  (H einz , 
1 9 5 4 ); t h a t  i s j  b a c k “d i f f u s io n  o f  i n t r a c e l l u l a r  a c t i v i t y  
d u r in g  c e n t r i f u g a t i o n  and r a d i o a c t i v e  c o n ta m in a t io n  due 
t o  a d h e r e n t  medium in  t h e  packed  c e l l  p e l l e t .  T rz e c ia k  
h a s  r e c o r d e d  t h a t ,  a f t e r  t o p  sp eed  c e n t r i f u g a t i o n  i n  a 
c l i n i c a l  l a b o r a t o r y  c e n t r i f u g e  f o r  lOmin, t h e r e  co u ld  
be as  much a s  1% o f  t h e  s u p e r n a t a n t  l i q u i d  l e f t  t r a p p e d  
amongst r e d  b lo o d  c e l l s ,  (T rz e c ia k ,  K rouse & Judson ,
1 9 6 7 ) .
M easurem ent o f  g lv c in e  u p ta k e
Summary P l a t e s  o f  c e l l s  were in c u b a te d  f o r  i n c r e a s in g  
p e r i o d s  o f  t im e  in  t r i t i a t e d  g ly c in e  s o l u t i o n  and th en  
washed in  i c e - c o l d ,  g l y c i n e - f r e e  s o l u t i o n  to  remove 
e x t r a c e l l u l a r  a c t i v i t y .  The r a d i o a c t i v e  c o n te n t  o f  
t h e  c e l l s  was m easured  and t h e  m o la r i t y  o f  i n t r a c e l l u l a r  
g l y c i n e  c a l c u l a t e d  by com parison  w i th  a r a d i o a c t i v e  
s t a n d a r d .  I n f l u x  was ta k e n  a s  t h e  i n i t i a l  u p ta k e  o f  
(2“ ^H) g ly c in e  o v e r  a 5min in c u b a t io n  t im e .  The 
ou tw ard  movement o f  r a d i o a c t i v e l y  l a b e l l e d  g l y c i n e  was 
assum ed t o  be  r e l a t i v e l y  i n s i g n i f i c a n t  d u r in g  t h i s  
t im e .  D i f f e r e n t  e x t e r n a l  c o n c e n t r a t i o n s  o f  g ly c in e  
w ere  o b ta in e d  by ad d ing  ( 2 - % )  g ly c in e  s o u rc e  
( g ly c in e * )  ( im C i/m l) to  u n l a b e l l e d  g l y c i n e  t o  g iv e  a 
f i n a l  c o n c e n t r a t i o n  o f  O.5  or lywCi/ml. T h is  had a 
n e g l i g i b l e  e f f e c t  on t h e  m o la r i t y  o f  th e  s o l u t i o n .
The s p e c i f i c  a c t i v i t y  o f  t h e  so u rc e  v a r i e d  betw een 
1 .3 5  to  3*0 Ci/mmole,
F lu x  m easurem ent m ethods a re  s i m i l a r  t o  t h o s e  d e s c r ib e d  
by Lamb (1971) and a re  b a sed  on th o s e  d e v is e d  by Keynes 
& Lewis (1 9 5 1 ) o
D e t a i l e d  e x p e r im e n ta l  method
(a)  P l a t e s  o f  HeLa c e l l s  in c u b a te d  a t  37°G i n  g ly c in e * ,  
made up in  K re b s ,  For Xenopus c e l l s ,  g ly c in e *  was
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made up i n  W&Q s a l t  s o l u t i o n  and in c u b a t io n  was 
a t  26^C o r  room t e m p e r a tu r e .  For Na o r  K - f r e e  
soak c o n d i t i o n s ,  t h e  p l a t e s  w ere washed x2 in  
m o d if ie d  s a l t  s o l u t i o n  p r i o r  t o  a d d i t i o n  o f  
g ly c in e * .
(b) A f te r  t h e  r e q u i r e d  soak  t im e ,  each p l a t e  washed 
x4 w i th  i c e - c o l d  s a l t  s o l u t i o n .  For each wash, 
Krebs o r  W&Q was d i r e c t e d  on to  th e  edge o f  th e  
p l a t e ,  a g i t a t e d ,  p o u re d  o f f  and th e  p l a t e  d r a in e d  
u s in g  a s u c t i o n  p i p e t t e ,  4 w ashes w ere n o rm a lly  
com ple te  w i t h i n  20 s e c o n d s .
(c)  C e l l  m onolayer d i s p e r s e d  by a d d i t i o n  o f  1ml 
t r y p s i n  (0 .2 5 ^ 1 .  T ry p s in  n e u t r a l i s e d  by adding  
4ml K rebs o r  W&Q (1% se ru m ).
(d) C e ll  g ro u p s  s p l i t  by b l a s t i n g  w i th  a  s y r i n g e .
1ml o f  t h e  5ml s u s p e n s io n  was w ithdraw n u s in g  an 
a u to m a t ic  p i p e t t e  and  p la c e d ,  w ith  10ml l i q u i d  
s c i n t i l l a t o r  (NE 2 5 0 ) ,  in  a  v i a l  f o r  r a d i o a c t i v e  
c o u n t in g  in  a l i q u i d  s c i n t i l l a t i o n  s p e c t r o m e te r  
(P acka rd , T r i -G a rb ,  Model 33 20 ) .  1ml was added
to  9ml ISOTON f o r  c e l l  c o u n t in g .  Each v i a l  was
m ixed, u s in g  a  * R o tam ix e rS  f o r  lO sec  b e f o r e  
c o u n t in g .
B lank p l a t e s  w ere r u n ,  c o n c u r r e n t l y ,  to  e s t im a te  
r a d i o a c t i v i t y  re m a in in g  on th e  p l a t e s  a f t e r  w ash in g  
and used  t o  o b ta in  th e  back g ro u n d  o f  th e  c o u n te r .
When n e c e s s a r y ,  c o u n ts  w ere  c o r r e c t e d  f o r  q u e n ch in g .  
R e s u l t s  w ere  c a l c u l a t e d  on an O l i v e t t i  programma 101, 
o r  P 602. G ly c in e  c o n te n t  was e x p re s s e d  a s  m m ole/l 
i n t r a c e l l u l a r  w a te r  and i n f l u x  as  m m ole/l ICW.min.
M easurement o f  g l v c i n e  e f f l u x
( i ) M u l t i p l a t e  e f f l u x
(a) P l a t e s  were in c u b a te d  i n  Krebs (o r W&Q)
c o n ta in in g  g ly c in e *  u n t i l  i n t e r n a l  g l y c i n e  
c o n te n t  was s te a d y  ( a p p ro x im a te ly  I h o u r ) .
At t h i s  t im e ,  t h e  i n f l u x  and e f f l u x  o f  
l a b e l l e d  g l y c i n e  w ere  e q u a l .
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(b) P l a t e s  washed x4 w i th  c o ld  s o l u t i o n  t o  remove 
e x t r a c e l l u l a r  a c t i v i t y ,  r i n s e d  w i th  warm 
s o l u t i o n  and 10ml i n a c t i v e  Krebs (or W&Q) ad d ed .
(c )  I n a c t i v e  medium l e f t  on p l a t e s  f o r  i n c r e a s i n g  
p e r io d s  o f  t im e .  The p l a t e s  were th e n  washed 
in  i c e - c o l d  s a l t  s o l u t i o n .
(d) C e l l  m onolayer was t r y p s i n i s e d  and c e l l  g roups 
b roken up a s  f o r  i n f l u x  m easu rem en ts . C e l l  
numbers and  r a d i o a c t i v i t y  m easured  a s  p r e v i o u s ly  
d e s c r i b e d .  The h a l f - t i m e  o f  e f f l u x  co u ld  th e n  
be c a l c u l a t e d  from  a s e m i- lo g  p l o t  o f  c o n te n t  
a g a i n s t  time*
( i i ) S in g le  p l a t e  e f f l u x
T h is  in v o lv e s  m ea su r in g  th e  r a d i o a c t i v e  c o n te n t  o f  
e f f l u e n t  r a t h e r  th a n  t h e  c e l l s .
(a )  The p l a t e  was lo a d e d  w i th  g ly c in e * ,  a s  f o r  a 
m u l t i p l a t e  e f f l u x ,  o r  lo a d e d  d u r in g  th e  
h y p o to n ic  p h a se  o f  ' l y s i s * .
(b) A f t e r  d r a i n i n g ,  t h e  p l a t e  was washed a s  b e f o r e  
and 10ml i n a c t i v e  K rebs (or W&Q) added . The 
p l a t e  was s t i r r e d  by p l a c in g  i t  on a t i l t e d  
r o t a t i n g  kymograph drum.
( c ) A f te r  2 o r  5min, a 1ml sample was c o l l e c t e d ,  
th e  p l a t e  d r a i n e d  and a f u r t h e r  10ml s a l t  
s o l u t i o n  ad ded . The sample was p l a c e d  in  a 
v i a l  w i th  10ml s c i n t i l l a t o r  f o r  r a d i o a c t i v e  
c o u n t in g 0
(d) The p ro c e d u re  was r e p e a t e d  and , a t  t h e  end o f  
th e  r e q u i r e d  e f f l u x  p e r i o d ,  t h e  p l a t e  was 
washed w i th  i c e - c o l d  s a l t  s o l u t i o n .
(e) The c e l l s  were t r y p s i n i s e d  and sam ples  ta k e n  
f o r  c e l l  number, c e l l  volume and re m a in in g  
r a d i o a c t i v e  c o n t e n t .
In  t h i s  m anner, f r a c t i o n a l  l o s s  p e r  c o n s ta n t  t im e  
i n t e r v a l  c o u ld  be m e a su re d . For a  s i n g l e  i n t r a c ­
e l l u l a r  com partm ent and e x p o n e n t ia l  e f f l u x ,  t h i s
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f r a c t i o n a l  l o s s  i s  c o n s t a n t .  I f  t r e a tm e n t ,  o r  a
f a c t o r  added t o  t h e  sy s tem , a f f e c t s  e f f l u x  th e n  th e
change can be e a s i l y  d e t e c t e d  on a h is to g ra m  p l o t  o f  2cpm a g a i n s t  t im e .  A l t e r n a t i v e l y ,  i n t e r n a l  c o n te n t  
o f  g ly c in e  can be c a l c u l a t e d  and th e  r e s u l t s  e x p re s s e d  
a s  h a l f - t i m e  o f  e f f l u x ,  o r  an e f f l u x  r a t e  (mmole/lICW. 
ra in ) .  E f f l u x  r a t e  ~ 0 .6 9 3  .(S )_ . , where (S)_. i s
" ■ ip i—  1  1
i n i t i a l  i n t e r n a l  c o n c e n t r a t i o n .
D e te rm in a t io n  o f  i n t r a c e l l u l a r  io n  c o n c e n t r a t i o n s
C e ll  m ono layers  w ere washed w i th  i c e - c o l d  C a - s o r b i t o l  
s o l u t i o n  to  remove e x t r a c e l l u l a r  Na* and K Io n s  
w ere  e x t r a c t e d  by l y s i n g  t h e  c e l l s  i n  e i t h e r  d i s t i l l e d  
w a te r  o r a d i l u t e  l i t h i u m  s t a n d a r d  ( f o r  Na and K) o r  in  
a  d i l u t e  K s t a n d a r d  ( f o r  L i d e t e r m i n a t i o n s ) .  Na and 
K c o n c e n t r a t i o n s  w ere  m easured  by com parison  w i th  
a p p r o p r i a t e  s t a n d a r d s  on an  EEL flam e p h o to m e te r ,  o r  an 
EEL 450 f lam e p h o to m e te r ,  and an i n t e r n a l  L i  s tan dard - .  
L i c o n c e n t r a t i o n s  w ere  m easu red  u s in g  t h e  EEL 450 w i th  
an i n t e r n a l  K s t a n d a r d .  C e ll  number and volume w ere 
m easured  a s  p r e v i o u s l y  d e s c r i b e d  on s e p a r a t e ,  b u t  
s i m i l a r l y  t r e a t e d , p l a t e s  and io n  c o n te n t s  e x p re s s e d  
as  m m ole /l  i n t r a c e l l u l a r  w a te r .
'L v s in g 'a n d  r e f i l l i n g  c e l l s
I n i t i a l l y  th e  t e c h n iq u e  u se d  was t h a t  f o r  r e f i l l i n g  L - 
c e l l s ,  (Lamb & L in d sa y ,  1 9 7 1 )« I t  was foun d  t o  be  
u n s a t i s f a c t o r y  f o r  th e  f o l lo w in g  r e a s o n s
(a)  About 35% o f c e l l s  were l o s t  from  th e  p l a t e s  d u r in g  
th e  p r o c e d u re .
(b) The volume o f  K - f i l l e d  c e l l s  was o n ly  75% o f  th e  
c o n t r o l .
(c)  When in c u b a te d  i n  h ig h  Na medium, a f t e r  r e f i l l i n g ,  
c e l l s  were u n a b le  to  r e t a i n  a low i n t e r n a l  Na.
The te c h n iq u e  was m o d if ie d  t o  g iv e  t h e  fo l lo w in g  method
1) Xenopus o r  HeLa c e l l s  w ere grown to  m o n o layers  on 
p l a s t i c  P e t r i  d i s h e s .
Table 5
T rea tm ent C e l l  volume T - t e s t  w i th  c o n t r o l
c o n t r o l
' l y s e d ' ,  r e c o n s t i t u t e d  
NaCl 
KCl
c h o l in e  Cl
2 .2 4  + 0 .0 9  (1 3 )
2 .1 2  ± 0 .1 5  (6) 
2 .2 0  i  0 .1 1  (1 0 ) 
2*20 -  0 . 0 9  (1 1 )
p>  0 .4
p >  0 .5  
p > 0 . 5
C e ll  volumes o f  c o n t r o l  and r e f i l l e d  Xenopus c e l l s
C e l l s  *lysed* lOmin and r e c o n s t i t u t e d  lOmin w i t h  i o n s  
shown* Volumes m easu red  u s in g  m ic ro m e te r  e y e p ie c e  or 
a C o u l te r  c h a n n e ly s e r .  Numbers o f  e x p e r im e n ts  g iv en  
i n  b r a c k e t s .  V a lues  a r e  means * SE.
Table 6
T rea tm en t
io n  c o n te n t s  (m m ole/l ICW) T - t e s t  w i th  c o n t r o l
Na K Na K
c o n t r o l  (11) 
' l y s e d *  + 
r e c o n s t i t u t e d  
NaCl (8)
KCl (13) 
c h o l in e  Cl (15)
13 2 3
35 + 3 
12 i  2 
10 i  2
132 i  12
7 8 - 4  
174 -  12 
64 i  5
p <  0 .0 0 1
p >  0 .5
p >  0 .2
p < 0 . 0 1
p < 0 . 0 5
p <  0 .0 0 1
Ion  c o n te n t s  o f  c o n t r o l  and r e f i l l e d  Xenopus c e l l s .
C e l l s  ' ly s e d *  lOmin and  r e c o n s t i t u t e d  lOmin w i th  t h e  
c h l o r i d e  c a t io n  shown. Number o f  o b s e r v a t io n s  g iv e n  
i n  b r a c k e t s ,  w i th  mean * SE.
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2) The p l a t e s  were d r a in e d ,  r i n s e d  w i th  s a l t  s o l u t i o n  
and ' l y s in g *  s o l u t i o n  added (8ml p e r  9cm d ia m e te r  
p l a t e ) .  The p l a t e s  were in c u b a te d  a t  27^0 or room 
te m p e r a tu r e  (X enopus), or a t  37°C (HeLa), fo r  5 o r  
lOrnin «
3) C e l l s  were r e c o n s t i t u t e d  by ad d in g  0 .7m l M olar 
c h l o r i d e  (K, Na, o r  c h o l in e )  and i n c u b a t in g  f o r  a 
f u r t h e r  5 or lOm in,
ATP o r  g l y c i n e  was in trod u ced  d u r in g  t h e  h y p o to n ic  
s ta g e .  lOmin tim e  i n t e r v a l s  w ere  used  t o  o b ta in  
h i g h e r  a l t e r a t i o n s  i n  i n t e r n a l  io n  l e v e l s .  The ' l y s i n g '  
s o lu t io n  c o n ta in e d  NaCl lOmM, MgCl^ 1.2raM, c y s t e i n e  
(D, h y d r o c h lo r id e )  ImM, NaHgPO, IraM, and f o e t a l  b ov in e  
serum  2o5%. The pH was 7*6 f o r  Xenopus and 7*4 f o r  
HeLa*
G e n era l  c h a r a c t e r i s t i c s  o f  r e f i l l e d  c e l l s
C e l l  n u m b ers . There  was no s i g n i f i c a n t  l o s s  o f  c e l l s ,  
e i t h e r  Xenopus or HeLa, d u r in g  th e  proced ure. The 
r e f i l l e d  c e l l s  were a b le  to  d i v id e  b u t  24 h o u r s  a f t e r  
' l y s i s ' ,  c e l l  numbers w ere  l e s s  th a n  on c o n t r o l  p l a t e s ;  
f o r  exam ple, i n  one e x p e r im e n t  (Xenopus), c o n t r o l  c e l l  
num bers p e r  p l a t e  i n c r e a s e d  by 4^%? w h i l s t  K - f i l l e d  
c e l l s  i n c r e a s e d  by 30%, (T his r e p r e s e n te d  a 10% 
d i f f e r e n c e  i n  c e l l  n u m b ers ) .  In one e x p e r im e n t  w i th  
HeLa, ' l y s i s '  r e s u lt e d  i n  a 6% r e d u c t io n  ( P < 0 .0 2 )  i n  
c e l l  numbers, compared w i th  c o n t r o l ,  24 h o u rs  a f t e r  
t r e a t m e n t .
C e ll  volum e. C e ll  volumes were m easured  a f t e r  
r e f i l l i n g ,  e i t h e r  im m e d ia te ly ,  o r  a f t e r  s h o r t  t im e s  o f  
i n c u b a t i o n .  T ab le  5 shows t h a t  Xenopus c e l l  volumes 
w ere  n o t  s i g n i f i c a n t l y  a l t e r e d  by t h e  treatm en t and  
w ere n o t  d ep end en t upon th e  r e c o n s t i t u t i n g  c a t i o n .
Ion c o n te n ts . These w ere  s i g n i f i c a n t l y  a l t e r e d  by 
v a ry in g  t h e  c h l o r i d e  io n  d u r in g  r e c o n s t i t u t io n .
T able  6 shows io n  l e v e l s  im m e d ia te ly  a f t e r  th e  p ro c e d u re  
was com p lete . Comparing w i t h  c o n t r o l  l e v e l s ,  r e c o n ­
s t i t u t i n g  w i th  NaCl p ro d u ced  c e l l s  w i th  a  h ig h  i n t e r n a l
F i g . l .
S e r i a l  o b s e r v a t i o n s  o f  a g rou p  o f  HeLa c e l l s  t o  show 
changes r e c o rd e d  d u r in g  th e  ' l y s i s ’ and r e c o n s t i t u t i n g  
p ro c e d u re .  C e l l s  r e c o n s t i t u t e d  by a d d in g  m ola r  KCl 
a f t e r  5rain h y p o to n ic  t r e a t m e n t .  O bserved  and p h o to g ra p h e d  
u s in g  Nomarski d i f f e r e n t i a l  i n t e r f e r e n c e - c o n t r a s t  
m ic ro sco p y . Focus was on t h e  c e l l  p e r i p h e r y .
A Normal c e l l s ,  i n  a t  room t e m p e r a tu r e .
B 1.5m in a f t e r  ' l y s i n g '  begun .
C A f te r  4 * 5min ' l y s i s ' .
D A f te r  Im in o f  r e c o n s t i t u t i o n .




Na and low  K; w ith  KCl, a h ig h  K; w i th  c h o l in e  c h l o r i d e ,  
a  low  K. R e c o n s t i t u t i n g  w i th  K o r  c h o l in e  d id  n o t  
s i g n i f i c a n t l y  a l t e r  i n t e r n a l  Na. I n te r m e d ia te  v a lu e s  
w ere o b t a in e d  by u s in g  d i f f e r e n t  p r o p o r t i o n s  o f  Na, K 
and c h o l in e  d u r in g  r e c o n s t i t u t i o n  o f  th e  c e l l s .
C e l l  a p p e a ra n c e . Xenopus and HeLa c e l l s  were o b se rv ed  
d u r in g  t h e  h y p o to n ic  and r e c o n s t i t u t i n g  s t a g e s  o f  t h e  
p ro c e d u re  u s in g  Nomarski d i f f e r e n t i a l - i n t e r f e r e n c e -  
c o n t r a s t  m ic ro sc o p y  ( F i g . l ) ,  The c e l l s  w ere  grown to  
a m onolayer on g l a s s  c o v e r s l i p s  and t h e  c o v e r s l i p s  
f i t t e d  w i th  a g r e a s e  s e a l  o v e r  a h o le  i n  t h e  bo ttom  
s u r f a c e  o f  a  P e t r i  d i s h .  A s i n g l e  c e l l  co u ld  th e n  be  
o b se rv ed  w h i l s t  t h e  s u r r o u n d in g  f l u i d  was c h a n g e d . '
(1) ' l y s i s ' .  A ll  HeLa and Xenopus c e l l s  o b se rv e d
s w e l le d .  T h is  was i n d i c a t e d  by an i n c r e a s e  in
d ia m e te r  and d e p th .  Most o f  t h e  s w e l l in g  o c c u r re d  
w i t h in  Im in o f  ' l y s i n g '  and  was fo l lo w e d  by n u c le a r  
s w e l l i n g .  The i n c r e a s e  i n  p e r i p h e r a l  o u t l i n e  
o b se rv e d  d u r in g  1 t o  5mins o f  ' l y s i n g '  may r e f l e c t  
t h i s  n u c le a r  i n c r e a s e .  Xenopus c e l l s  a r e  c h a r a c t ­
e r i s e d  b y  a l a r g e  number o f  f i l o p o d i a - t y p e  
e x t e n s i o n s .  5mins o f  ' l y s i s '  r e s u l t s  i n  r e o r g a n ­
i s a t i o n  o f  t h e s e  e x t e n s i o n s  i n t o  s i n g l e  s w e l l in g s  
w i th  no v i s i b l e  i n t e r n a l  f e a t u r e s .  The 
' f i l o p o d i a '  a re  d i s t i n c t  from  c e l l u l a r  p r o c e s s e s  
which o c c u r  in  b o th  c e l l  ty p e s  and form  i n t e r ­
c e l l u l a r  c o n t a c t s .  The l a t t e r  a l s o  a p p e a r  
sw o llen  b u t  r e t a i n  t h e i r  i n t e g r i t y .  Brownian 
movement was o b se rv ed  in  th e  c e l l .  No o u t f lo w
o f  c e l l u l a r  c o n te n t  was s e e n .
(2) r e c o n s t i t u t i o n .  The c e l l s ,  n u c l e i  and c e l l u l a r
e x te n s io n s  sh ra n k  im m e d ia te ly  on a d d i t i o n  o f  t h e
c h l o r i d e  s o l u t i o n .  F i l o p o d i a  r e a p p e a re d  a l th o u g h  
th e y  w ere  g e n e r a l l y  re d u c e d  in  num ber. O ften  a 
' r o u n d in g - u p '  o f  t h e  c e l l s  was o b se rv e d  b u t  th e  
volume a f t e r  5mins o f  r e c o n s t i t u t i n g  was 
a p p ro x im a te ly  t h a t  o f  t h e  o r i g i n a l  c e l l .  The 
c e l l  and n u c l e a r  o u t l i n e s  were s l i g h t l y  a l t e r e d
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by th e  p r o c e d u r e .  In  Xenopus c e l l s  an a d d i t i o n a l  
f e a t u r e  was o b se rv e d ;  a t  Im in  of r e c o n s t i t u t i n g ,  
l a r g e  r e g u l a r - s h a p e d  v a c u o le s  were o c c a s i o n a l l y  
o b se rv ed  w i t h in  t h e  c e l l  o u t l i n e ;  t h e s e  d i s a p p e a r e d  
w i th in  5m ins b u t  were th o u g h t  t o  r e p r e s e n t  
s h r in k a g e  o f  th e  c e l l s  from  t h e  c o v e r s l i p  c o n ta c t*  
p o s s ib l y  i n d i c a t i n g  a r e a s  o f  r e s t r i c t e d  d i f f u s i o n .
S u sp en s io n s  o f  mammalian e r y t h r o c y t e s  have  been  
haem olysed  by h y p o to n ic  t r e a tm e n t ,  (Hoffman, T o s te so n  
& W h it t  am, I 96O: W h it t  am & A ger, 1964; Lent & W h it t  am, 
1 9 6 8 ) .  The g h o s ts  p ro d u ced  were s p h e r i c a l  b u t  s h ra n k ,  
t o  become c re n a te d ,w h e n  t h e  o s m o la r i ty  o f  t h e  haem oly- 
s a t e  was r e s t o r e d  to  t h a t  o f  p lasm a  by a d d i t i o n  o f  
a l k a l i - m e t  a]_ c h l o r i d e .  The volume o f  t h e  r e c o n s t i t u t e d  
g h o s t s  was o n ly  i  t o  3 o f  t h e  volume o f  t h e  o r i g i n a l  
e r y t h r o c y t e s  and t h e  haem oglob in  18% n o rm a l .  A f t e r  
r e c o n s t i t u t i n g ,  up t o  40min in c u b a t io n  a t  37^0 in  l^OmM 
K i n c r e a s e d  th e  K c o n te n t  ( to  60mM) and a l lo w e d  t h e  
g h o s t s  to  r e g a i n  a low  K p e r m e a b i l i t y .  Ion  c o n te n t s  
co u ld  be v a r i e d  a s  th e y  were d e te rm in e d  by th e  a l k a l i -  
met a l  c h lo r i d e  added to  th e  h a e m o ly s a te .  S im i la r  
t e c h n iq u e s  have been a p p l i e d  t o  p ig eo n  r e d  c e l l s  . 
s u s p e n s io n s , ( V id a v e r ,  I 9 6 4 ), and L c e l l  m o n o la y e rs ,
(Lamb & L in d s a y ,  1971)•  In  p ig eo n  c e l l s ,  by v a ry in g  
t h e  p r o p o r t i o n s  o f  Na and K d u r in g  th e  t r e a tm e n t ,  
i n t e r n a l  Na co u ld  be  v a r i e d  betw een  24 and 126, where 
i n t e r n a l  Na h- K = 152m m ole/l I  CM. The r e s t o r e d  c e l l s  
had  a  l i m i t e d  a b i l i t y  to  m a in ta in  a h ig h  i n t e r n a l  K and 
low Na, c e l l s  l o s i n g  K a t  a r a t e  o f  32% p e r  40min, 
in d e p e n d e n t  o f  th e  ou tw ard  K g r a d i e n t .  The c e l l s  were 
th e n  u sed  to  m easure  g ly c in e  t r a n s p o r t ,  assum ing  t h a t  
r e s u l t s  w ould  be q u a l i t a t i v e l y  s i m i l a r  to  t h o s e  in  
i n t a c t  c e l l s .  In  t h e  L - c e l l  e x p e r im e n ts ,  c e l l s  were 
l y s e d  lOmin and r e c o n s t i t u t e d  w i th  K f o r  3min. The 
r e f i l l e d  c e l l s  w ere more l e a k y  th a n  no rm al b u t  a p p ea re d  
t o  be v i a b l e  in  t h a t  t h e  e f f l u x  o f  from r e f i l l e d
c e l l s  was s i m i l a r  to  t h a t  from  norm al c e l l s  and was 








P i g ,2* R adiochrom atogram  o f  ( H) g ly c in e .  G lass p l a t e s  c o a te d  w i th  s i l i c a  g e l  to  g iv e  a  t h i n  l a y e r  0 «3mm. th ic k ,  a i r  d r i e d  and a c t i v a t e d  d u r in g  -|h a t  105^C* 0*lm l a l i q u o t s  o f  s t a n d a r d  or c e l l  e x t r a c t  a p p l i e d  a t  0 and run fo r  approxim ately  3h, u n t i l  t h e  s o l v e n t  had m ig r a te d  lOcmso P l a t e s  a i r  d r i e d  and th e  s i l i c a  d iv id e d  i n t o  1cm bands fo r  r a d i o a c t i v e  c o u n tin g . E x t r a c t s  p r e p a r e d  from  HeLa c e l l s  i n c u b a te d  a t  37^0 fo r  5min — or 80min — in  K reb su n la b e lle d  g ly c in e  to  g iv e  a  The e x t e r n a l  soak s o lu t io n  was -— . By a n a l y s i s  o f  v a r i a n c e  t h e r ewas no s i g n i f i c a n t  d i f f e r e n c e  betw een w ater a n d  s o l v e n t  e x t r a c t i o n s  f o r  e it h e r  i n f l u x  ( P > 0 , 7 5 ) ,  o r  accu m u lation  (P > 0 , 25)3 and no s i g n i f i c a n c e  be tw een  in f lu x  and a c c u m u la t io n  f r a c t i o n s  w ith  e i t h e r  w ater ( P > 0 , 2 5 )  or s o lv e n t  ( P > 0 » 7 5 )  e x t r a c t i o n  p ro ced u res . The p e r c e n t  
e r r o r  on t h e  r a d i o a c t i v e  c o u n ts  was c a lc u la te d  to  be be tw een  i'2 and ±5%, (Glenn & Lamb, 1971) «
c o n ta in in g  3|l g l y c i n e  
c o n c e n t r a t i o n  o f  ImM. 
u se d  a s  th e  stan dard  -
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C hrom atography
The l a b e l l e d  compound w i t h in  t h e  c e l l  was d e m o n s tra te d  
t o  be g l y c i n e ,  r a t h e r  th a n  some m e ta b o l ic  p r o d u c t ,  by 
r a d io c h ro m a to g ra p h y .
M onolayers  o f  HeLa c e l l s  were in c u b a te d  a t  37°C f o r  5 
o r  80min w i th  (2~^H) g l y c i n e ,  added t o  u n l a b e l l e d  
g l y c i n e  a t  an e x t e r n a l  c o n c e n t r a t i o n  o f  ImM. A f te r  
i n c u b a t i o n ,  t h e  c e l l s  w ere  washed 5 t i ^ e s  and 
im m e d ia te ly  e x t r a c t e d  w i th  s o l v e n t ,  ( n - b u t a n o l i w a t e r : 
a c e t i c  a c i d ) .  The e x t r a c t  was c e n t r i f u g e d  a t  l8 0 0 g  
f o r  15min and t h e  s u p e r n a t a n t  ch ro m atographed  on a 
t h i n  l a y e r  o f  s i l i c a  g e l  u s in g  n - b u t a n o l :w a te r  : a c e t i c  
a c i d  ( 1 2 : $ :3 ) ,  a s  t h e  s o l v e n t .  A s t a n d a r d  o f  (2-^H) 
g l y c i n e ,  from  th e  i n c u b a t i o n  medium, was ru n  s i m u l t ­
a n e o u s ly .  F i g . 2 shows t h a t  81% o f  th e  s t a n d a r d  
r a d i o a c t i v e  l a b e l  was c o l l e c t e d  betw een 2 and 4cm, 
compared w i th  84% from t h e  5min i n f l u x  and  78% from  
th e  80min a c c u m u la t io n .  W ith a s i m i l a r  s o l v e n t ,  th e  
Rf v a lu e  f o r  g l y c i n e  i s  0 .2 2 ,  (R a n d e ra th ,  1 9 6 4 )* T h is  
d e m o n s tra te d  t h a t  th e  t r i t i u m  m easured  d u r in g  i n f l u x  
e x p e r im e n ts  was s t i l l  on th e  g].ycine  m o lecu le  b u t  t h a t  
t h e r e  was p o s s i b l y  a s m a l l  l o s s  o f  l a b e l  d u r in g  
a c c u m u la t io n .
K i n e t i c  A n a ly ses
D ata  was c o l l e c t e d  f o r  i n f l u x  o f  (^H) g l y c i n e  a t  
c o n c e n t r a t i o n s  o f  e x t e r n a l  g l y c i n e  v a r y in g  from  betw een 
0 .0 5  and 5rr]M, i n  s e v e r a l  e x p e r im e n ts .  (^H) g l y c i n e  
was added t o  d i f f e r e n t  c o n c e n t r a t i o n s  o f  u n l a b e l l e d  
g ly c in e  to  g iv e  0 .5 ,/iC i/ral. The d a t a  was u se d  t o  check 
w h e th e r  th e  i n f l u x  r e s u l t s  conform ed to  a f i r s t - o r d e r  
model and to  d e te rm in e  Vmax and th e  a p p a r e n t  Km.
The M ic h a e l is -M e n te n  e q u a t io n  f o r  enzyme k i n e t i c s , w h i c h  
r e l a t e s  v e l o c i t y  o f  r e a c t i o n  (v) o f  an enzyme w i th  a 
s u b s t r a t e  and th e  s u b s t r a t e  c o n c e n t r a t i o n  ( s ) ,  may be 
w r i t t e n  a s
V = (s/s+Km).Vmax
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w i t h  th e  k i n e t i c  c o n s t a n t s  Vmax (v, when 8-»oO) and Km 
( s ,  when v = Vm ax/2).
The e q u a t io n  has  3 l i n e a r  t r a n s f o r m a t i o n s
( 1 ) 1 = 1  + Km .1V Vmax Vmax s
(2) 8 = Kjg + ^V Vmax Vmax
(3) V ~ Vmax -  Km,%s
E s t im a te s  o f  k i n e t i c  c o n s t a n t s  can th e n  be o b ta in e d  
g r a p h i c a l l y  o r  s t a t i s t i c a l l y  from t h e  v a r i a b l e s  ( l )  
l / v  : l / s ,  (2) s / v  : s ,  (3) v : v / s .
A c e r ta in  amount o f  c o n t r o v e r s y  e x i s t s  a s  t o  t h e  b e s t  
m ethod a l t h o u ^  g e n e r a l l y  t h e  doub le  r e c i p r o c a l  
(L inew eaver and Burk) p l o t  i s  u se d .  For exam ple , in  
19715 97*3% o f  t r a n s fo r m e d  p l o t s  in  J .  o f  B io l.C hem . 
w ere  l / v  : l / s  (W a lte r ,  1974)» T h is  p l o t  i s  p r e f e r r e d  
by Dixon and Webb (1959) in  t h a t  (a)  v a lu e s  o f  v can be 
r e a d i l y  i d e n t i f i e d  w i th  p a r t i c u l a r  s u b s t r a t e  c o n c e n t r a t i o n s
(b) i n  t h e  E ad ie  p l o t  o f  v * v / s ,  any e r r o r  i n  v  w i l l  
a f f e c t  bo th  c o o r d i n a t e s  and d i s p l a c e  t h e  p o i n t  o b l i q u e l y
(c)  d e v i a t i o n s  from  l i n e a r i t y  a r e  r e v e a l e d  a lm o s t  e q u a l ly  
w e l l  by t h e  L inew eaver & Burk and E ad ie  p l o t s  and (d) 
w i th  r e s p e c t  to  t h e  a c c u ra c y  o f  th e  c o n s t a n t s  d e te rm in e d ,  
th e  m ethods a r e  about e q u a l ly  good.
In  p r i n c i p l e ,  any  l i n e a r  p l o t  can be u se d  to  d i s t i n g u i s h  
w h e th e r  d a ta  f i t  a c l a s s i c a l  f i r s t - o r d e r  model o r  a 
model which i n v o lv e s  more th a n  one b in d in g  s i t e .  I f  
t h e  sys tem  i s  a  s e c o n d -o rd e r  model ( th e  s im p le s t  
a l t e r n a t i v e ) ,  th e n  i t  a p p e a r s  t h a t  c u r v a tu r e  i s  most 
o b v io u s  in  a v : v / s  p l o t  f o r  any f i n i t e  s u b s t r a t e  
c o n c e n t r a t i o n s ,  (W a lte r ,  1974)* P l o t s  o f  l / v  : l / s  
and s / v  : s t e n d  t o  make a s e c o n d -o rd e r  model appear 
a s  a  f i r s t - o r d e r .  U sing  th e  l / v  : l / s  p l o t  t h e r e  i s  
a  te n d e n c y  to  'o b s c u r e  d e v i a t i o n s  from  l i n e a r i t y '
(H o fstee , 1959) a s  t h e  s i g n i f i c a n c e  o f  v a lu e s  o f  v a t  
low  v a lu e s  o f s i s  o v e re m p h as ised  and any d e v i a t i o n  





K in e t i c  a n a l y s e s  ( c a p t io n s  to  g r a p h s).
F i g .3* Dependence o f  g ly c in e  i n f l u x  ( v ) ,  e x p r e s s e d  a s  mmole/llCVJi.millÎ on e x t r a c e l l u l a r  c o n c e n t r a t i o n  o f  




l / v  ; . l / s  p l o t  o f  t h e  d a t a ,  r  ~ 0 .9 9 9 8 .  Vmax (from t h e  r e c i p r o c a l  o f  t h e  o r d i n a t e  i n t e r c e p t )  -  0 ,7 2  m m ole/llCW .m in. Km (from  s lo p e  x Vmax) 5^2.
s / v  I G p l o t  o f  th e  d a t a ,  r  -  Vmax*(from  t h e  r e c i p r o c a l  o f  t h e  s lo p e )  0 .7 4  m mole/ llC W .m in , Km (from  o r d i n a t e  i n t e r c e p t  x  Vmax)=2
V  ^ v / s  p l o t  o f  th e  d a t a ,  r  =-0*9971* Vmax (from o r d i n a t e  i n t e r c e p t )  = 0 .7 3  mmol e /lIC W . m in . Km (from  - s l o p e )  = 2 .8imM*
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becomes l e s s  o b v io u s ,  (Coleman, 1 9 6 $ ) .  T h u s^ th e se  
w r i t e r s  would s u p p o r t  t h e  u se  o f  an E ad ie  p l o t  (v : 
v / s  ) .
I f  Km and Vmax a re  e s t im a te d ^ u s in g  c o r r e c t  w e ig h ts  f o r  
t h e  d a t a ,  i d e n t i c a l  v a lu e s  w i l l  be o b ta in e d  by 
s t a t i s t i c a l  a n a l y s i s  of th e  v a r io u s  p l o t s  b u t  d e v i a t i o n s  
from  c o r r e c t  w e ig h t in g  w i l l  r e s u l t  in  l e s s  a c c u r a t e  
v a lu e s  f o r  Km and Vmax. Assuming c o n s t a n t  v a r i a n c e  i n  
v a lu e s  o f  v , t h e n ,  o v e r  a ra n g e  o f  s u b s t r a t e  c o n c e n t r a t ­
i o n s  from  3 to  3x Km, th e  r e l a t i v e  w e ig h t  ( l / v a r i a n c e )  
o f  l / v  v a r i e s  by a f a c t o r  o f  80 w hereas  th e  r e l a t i v e  
w e ig h t  o f  s / v  v a r i e s  by l e s s  th a n  a f a c t o r  o f  2 , 
(W ilk in so n , I 9 6 1 ) .  I t  f o l lo w s ,  t h e r e f o r e ,  t h a t  w i th  
un w e ig h ted  d a ta ,  o v e r  p r a c t i c a l  r a n g e s  o f  s u b s t r a t e  
c o n c e n t r a t i o n ,  t h e  l i n e a r  p l o t  o f  s / v  : s  i s  p r e f e r a b l e  
to  t h e  L inew eaver & Burk p l o t .
P i g s .  3a, 3b and 3c show p l o t s  o f  l / v  : l / s ,  s / v  : s 
and V : v / s ,  r e s p e c t i v e l y ,  f o r  th e  d a t a  o f  g ly c in e  
i n f l u x  (v) a t  v a ry in g  e x t e r n a l  g ly c in e  c o n c e n t r a t i o n s  
( s )  shown in  F i g . ?  o f  t h e  r e s u l t s .  By r e g r e s s i o n  
a n a l y s i s ,  t h e  d a ta  gave s i g n i f i c a n t  l i n e a r  c o r r e l a t i o n s  
(P <  0 .0 0 1  in  each i n s t a n c e )  a l th o u g h  t h e  p o i n t s  were 
more e v e n ly  d i s t r i b u t e d  in  t h e  s / v  : s p l o t  b e c a u se  o f  
t h e  s u b s t r a t e  c o n c e n t r a t i o n s  c h o sen .  E s t im a te d  v a lu e s  
f o r  Vmax and Km a r e  g iv e n  in  t h e  c a p t io n s  f o r  each 
g ra p h  and a r e  s i m i l a r  f o r  a l l  3 p l o t s .  When t h e  
c a l c u l a t e d  k i n e t i c  c o n s t a n t s  were i n c o r p o r a t e d  i n t o  t h e  
M ic h a e l i s  e q u a t io n  and u se d  t o  f i t  a t h e o r e t i c a l  cu rve  
to  th e  d a t a ,  t h o s e  d e r iv e d  from  th e  L inew eaver & Burk 
p l o t  gave a cu rve  w hich f i t t e d  l e s s  w e l l  t h e  i n f l u x  
v a lu e s  o b ta in e d  a t  th e  h ig h e r  s u b s t r a t e  c o n c e n t r a t i o n s .
In  v iew  o f  t h i s  and t h e  a rg um en ts  o u t l i n e d  above, th e  
k i n e t i c  c o n s t a n t s  w ere  g e n e r a l l y  c a l c u l a t e d  by 
r e g r e s s i o n  a n a l y s i s  o f  s / v  : s o f  t h e  e x p e r im e n ta l  d a t a .  
D a ta  w ere e x p re s s e d  g r a p h i c a l l y  as  w e l l  a s  a n a ly s e d  
s t a t i s t i c a l l y  f o r  s i g n i f i c a n c e  l e v e l s ,  t o  check more 
e a s i l y  f o r  d e v i a t i o n s  from  a s i n g l e  c u rv e .
4L
A l though t h e r e  was c o n s id e r a b le  v a r i a t i o n  i n  r e s u l t s  
o b t a in e d  from  d i f f e r e n t  e x p e r im e n ts ,  t h e  v a lu e s  
o b ta in e d  w i t h in  i n d i v i d u a l  e x p e r im e n ts  w ere  c o n s i s t e n t .  
For com parison  o f  r e s u l t s  o b ta in e d  under d i f f e r i n g  
e x p e r im e n ta l  c o n d i t i o n s ,  a c o n t r o l  was run  c o n c u r r e n t ly *  
B ecause  o f  t h e  ty p e  o f  e r r o r  a s s o c i a t e d  w i th  a 
p a r t i c u l a r  v a lu e  o f  Vmax and i t s  r e l a t e d  Km (Colquhoun, 
1971} F ig ,  1 2 . 8 . 2 ( a ) )  when an a p p a r e n t ly  s i g n i f i c a n t  
change i n  p a ra m e te r s  was in d u c e d  by t r e a tm e n t ,  t h e  
r e s u l t s  were t a k e n  to  be m e a n in g fu l  on ly  i f  t h e y  d id  
n o t  in v o lv e  change i n  b o th  p a ra m e te r s  in  th e  same 
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F i g . 4* Time cou rse  o f  g l y c i n e  u p ta k e  i n t o  KeLa c e l l s  
In c u b a t io n  a t  37°C, w i th  lOmls K rebs c o n ta in i n g  2mM 
(-^H) g ly c in e ,  f o r  t h e  t im e s  shown on th e  a b s c is s a .  
Each p o i n t  i s  a s in g le  o b s e r v a t i o n ,  i n  one e x p e r im e n t  
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Fig*5* Time c o u rs e  o f  g l y c i n e  u p ta k e  by Xenopus c e l l s *  
In cu b ation  a t room tem p erature in  lOmIs W&Q s a l t  s o lu t io n  
c o n ta in in g  2mW (^H) g ly c in e ,  fo r  th e  tim es  in d ic a te d o  
Each p o in t  r e p r e se n ts  th e  mean o f  4 rea d in g s  1 8 . E .  L ine  
drawn by e y e .
TU
F i g . 6 . E f f e c t  o f  e x t e r n a l  g l y c i n e  c o n c e n t r a t i o n  on 
g ly c in e  accu m u lation  i n  X e n o p u s .c e l l s .  I n c u b a t io n  a t  
room te m p e ra tu re  f o r  be tw een  60 and 90min i n  W&Q s a l t  
s o l u t i o n  c o n ta in in g  t h e  c o n c e n t r a t i o n  o f  (2-^H) g l y c i n e  
g iven  on t] jc  a b s c i s s a .  Each p o i n t  r e p r e s e n t s  an 
i n d i v i d u a l  r e a d in g  from  13 e x p e r im e n t s .  S o l i d  l i n e  
drawn by ey e , to  f i t  d a t a .  Broken l i n e  drawn to  f i t  a 
p ro p o se d  mechanism o f  t r a n s p o r t ?  (see  d i s c u s s i o n ) ?  w ith  
k in e t i c  c o n s ta n ts , 2.37mM? Vmax  ^ -  0 o 88mmol e / I I  CM *
min, = #3*#mmole/lICW, Vmax**’ -  4« OOmmole/lICVv. min ? 
( i * e .  mean v a lu e s  o b t a in e d  e x p e r i m e n t a l l y ) .
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RESULTS
C h a r a c t e r i s a t i o n  o f  t r a n s p o r t  sys tem  
A ccum ulation
F i g s . 4 and 5 show t h e  r a t e s  o f  u p ta k e  and a c c u m u la t io n  
o f  g l y c i n e  i n t o  HeLa and Xenopus c e l l s ,  r e s p e c t i v e l y .  
V a lu es  were c o n s i s t e n t  w i t h i n  each ex p er im en t  b u t  t h e r e  
was i n t e r - e x p e r i m e n t a l  v a r i a t i o n ,  so t h a t  r e s u l t s  shown 
a re  from  ' t y p i c a l *  e x p e r im e n ts .  The e n t r y  r a t e  o f  
g ly c in e  was l i n e a r  o v e r  t h e  f i r s t  $min b u t  l e v e l l e d  to  
g iv e  a f i n a l  d i s t r i b u t i o n  r a t i o  betw een  i n t r a -  and 
e x t r a - c e l l u l a r  w a te r ,  a t  60 t o  90min. T h is  i n d i c a t e d  
t h a t  t h e r e  was a s t e a d y - s t a t e ,  a t  which i n f l u x  and 
e f f l u x  were e q u a l .  The d i s t r i b u t i o n  r a t i o  d e c r e a s e d  
a s  e x t r a c e l l u l a r  g l y c i n e  c o n c e n t r a t i o n  i n c r e a s e d ,
(se e  F i g , 6 ) .
The v a lu e s  f o r  a c c u m u la t io n  (o f  a p p ro x im a te ly  Ô in  
Xenopus and 40 in  HeLa, f o r  an e x t e r n a l  g ly c in e  o f  2mM) 
a re  o f  t h e  same o r d e r  a s  t h o s e  found  by o t h e r  w o rk e rs  
i n  d i f f e r e n t  p r e p a r a t i o n s .  In  E h r l i c h  c e l l s ,  u s in g  
an e x t e r n a l  g l y c i n e  o f  ImM, 60min i n c u b a t i o n  a t  37°C 
gave a  f i n a l  d i s t r i b u t i o n  r a t i o  o f  15» (Oxender & 
C h r i s t e n s e n ,  1963)* In  p ig e o n  e r y t h r o c y t e s ,  g ly c in e  
a c c u m u la t io n  r a t i o s  o f  20-40  w ere o b ta in e d ,  (T e r ry  & 
V id a v e r ,  1973)* G ly c in e  a c c u m u la t io n  v a lu e s  w ere 
a l s o  c o n s i s t e n t  w i th  d i s t r i b u t i o n  r a t i o s  found  f o r  t h e  
no n - u t i l i s a b l e  amino a c i d  a n a lo g u e ,  AIB, (K uch le r  & 
M arlow e-K uch ler , 1 9 6 5 )* E x te r n a l  c o n c e n t r a t i o n s  
ran g e d  from  O.lmM in  c u l t u r e d  human f i b r o b l a s t  l i n e s ,  
g i v in g  a f i n a l  d i s t r i b u t i o n  r a t i o  o f  be tw een 10 and 
23 in  60min (Mahoney & R osenberg , 1970) t o  5mM i n  
im m ature  r a t  u t e r u s ,  t o  g iv e  a 7 - f o l d  d i s t r i b u t i o n  
r a t i o ,  (R iggs & Pan, 1 9 7 2 ) .
I n f l u x
More in f o r m a t io n  a b o u t  t h e  amino a c id  t r a n s f e r  p r o c e s s  
was o b ta in e d  by s tu d y in g  i n f l u x  and e f f l u x .  I n f l u x  
was ta k e n  a s  t h e  i n i t i a l  r a t e  o f  u p ta k e  o f  ( 2 % ) g l y c i n e .
[g ly c in e ]g  (mM)
Fig«7e I n f l u x  o f  (^H) g l y c i n e  in  Xenopus a t  t h e  
c o n c e n tr a tio n s  o f  e x t e r n a l  g l y c i n e  shown on t h e  
a b s c is s a .  I n f l u x  m easu red  o v e r  5rain a t  room 
tem p eratu re, Bach p o in t  r e p r e se n ts  an in d iv id u a l  
r e a d i n g .  L ine  drawn t o  f i t  M ic h a e l i s  e q u a t io n ^  
w ith  th e  param eters Vmax = 0*74mmole/lICW«min, Km = 
2c&6mi>h ( c a l c u l a t e d  from  S/\T s S p l o t  o f  t h e  d a t a ) .  
Ih e  d i i f e r e n c  e x t e r n a l  c o n c e n t r a t i o n s  w ere  p r e p a r e d  
by adding (^H) g ly c in e  ( s p e c i f i c  a c t i v i t y  o f  2 .2  
C i/m m ole) to  u n l a b e l l e d  g l y c i n e  to  g i v e  a  f i n a l  












F ig * 8 . Vmax p l o t t e d  a g a i n s t  a p p a r e n t  Km v a lu e s  f o r  
g ly c in e  in f lu x  in  H&La (g ) and Xenopus (o ) c e l l s .  Each 
p o i n t  r e p r e s e n t s  one e x p e r im e n t  and was c a l c u l a t e d  from  
p l o t s  o f  s / v  t 5 o f  th e  e x p e r im e n ta l  data* C e l l s  grown 
3 to  4 days in  norm al m edia  and i n f l u x  m easu red  over  
5mln a t 2 7 ^ 0  or room tem p erature (Xenopus)* or 37^^
(HeLa}©
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P i g #7 shows i n f l u x  o f  g l y c i n e  i n  Xenopus c e l l s  a s  
e x t r a c e l l u l a r '  g l y c i n e  c o n c e n t r a t i o n  was v a r i e d .  As 
t h e  g ly c in e  c o n c e n t r a t i o n  was i n c r e a s e d  t h e  r e l a t i v e  
i n f l u x  d e c rea se d *  T h is  was n o t  i n  agreem ent w i th  
P ic k * 8 f i r s t  law  of d i f f u s i o n  and i n d i c a t e d  t h a t  g ly c in e  
e n te r e d  t h e  c e l l  by r e s t r i c t e d  d i f f u s i o n ,  i f  i t  was 
assumed t h a t  t h e  amino a c id  d id  n o t  combine w i th  a 
c e l l u l a r  s u b s ta n c e  whose c a p a c i ty  was l i m i t e d  d u r in g  t h e  
t im e  o f  i n f l u x .  The d a t a  f i t  t h e  M ic h ae lis -M en ten  
e q u a t io n  f o r  enzyme k i n e t i c s ,  (see  m e th o d ) .  S im i la r  
c u rv e s  have  been o b ta in e d  u s in g  e x t e r n a l  g ly c in e  
c o n c e n t r a t i o n s  in  t h e  ra n g e  0 .0 5  to  5mM. The s i n g l e  
component i n d i c a t e d  t h a t  i n f l u x  was m e d ia te d  by a 
s i n g l e  t r a n s p o r t  system *
Q u a l i t a t i v e l y  s i m i l a r  r e s u l t s  were o b ta in e d  f o r  HeLa 
c e l l s .  F ig .#  g iv e s  Vmax and a s s o c i a t e d  a p p a re n t  Km 
v a lu e s  o b ta in e d  from  s e v e r a l  e x p e r im e n ts  and shows t h e  
e x p e r im e n ta l  v a r i a t i o n .  Mean (~8E) v a lu e s  w e r e : -  
f o r  Xenopus, Vmax = 0 .8 8  ( -  0 . 1 3 )mmole/lICW.min, Km =
2 .3 7  ( -  0.30)mM; f o r  HeLa, Vmax = 9*40 (~ 1..38)m mole/ 
lIGW.min, Km ~ 2 .7 6  ( -  0 * 2 8 )mM. By r e g r e s s i o n  a n a l y s i s ,  
t h e r e  was no c o r r e l a t i o n  betw een  Vmax, Km, c e l l  volume 
o r  c e l l  number p e r  p l a t e ,  i n  e i t h e r  c e l l  type*  The cau se  
o f  th e  v a r i a t i o n  was n o t  a p p a r e n t .
A pparen t Km v a lu e s  of th e  same o rd e r  have b een  r e c o rd e d  
in  s e v e r a l  c e l l  and t i s s u e  ty p e s ;  e g . ,  i n  E h r l i c h  c e l l s ,  
Km = 3*7niM (H einz, 1 9 5 4 ) ,  6.Z^mM, ( S c h o l e f i e l d ,  1 9 6 1 );  
i n  mouse p a n c r e a s ,  Km -  6*7mM (Lin & Jo h n s to n e ,  197 1 );  
i n  mouse a s c i t e s  tum our c e l l s ,  Km -  5mM (Eddy, Mulcahy 
& Thomson, I 9 6 7 )*
E f f l u x
U sing  th e  * l y s i s *  t e c h n iq u e ,  c e l l s  co u ld  be lo a d e d  w i th  
(2-^H) g l y c i n e  d u r in g  t h e  h y p o to n ic  s t a g e ,  r e c o n s t i t u t e d  
and  t h e  e f f l u x  m easured  u s in g  a  s i n g l e  p l a t e  t o  o b ta in  
s e q u e n t i a l  r a d i o a c t i v e  f r a c t i o n a l  l o s s e s .  T y p ic a l  
d a t a  a re  p r e s e n t e d  i n  F i g . l 6  ( i )  and ( i i ) .
2o
U)
0 0 2010 30 50 60 70
[glycine]; (m-mole/1ICVV )
F i g ,9 .
C e l l s  M ysed^ lOmin, room te m p e ra tu re ?  i n  t h e  
p r e s e n c e  o f  v a ry in g  (2-^H ) g l y c i n e  c o n c e n t r a t i o n s  
and r e c o n s t i t u t e d  lOmin by adding c h o lin e  C l.
S i n g l e - p l a t e  e f f l u x  p ro c e d u re  gave f r a c t i o n a l  l o s s  
per Imin tim e in te r v a l?  (room tem p er a tu r e ).
E x tern a l g ly c in e *  c o n c e n t r a t i o n s  c a l c u l a t e d  by d ir e c t  
com parison w ith  a known r a d io a c t iv e  sta n d a rd . C e ll  
volume and c e l l  number were n o t  a f f e c t e d  by tr e a tm e n t.  
In te r n a l K was ap p rox im ate ly  45m m ole/l ICW, in t e r n a l  
Na was ap p roxim ately  7mmole/lIGW, L ine drawn to  f i t  
M icha.e lis-M enten  k i n e t i c s ,  w ith  k i n e t i c  c o n s t a n t s  
c a lc u la te d  from 5/V  : S p lo t  o f  th e  data* Each 
p o i n t  i s  • c a lc u la te d  from 6 f r a c t i o n a l  l o s s  v a lu e s ,  
o b ta in e d  from  one p l a t e  o f  c e l l s *
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A l l  norm al e f f l u x e s  m easured  gave f r a c t i o n a l  l o s s e s  
w hich  were in d e p e n d e n t  o f  t h e  t im e  a f t e r  e f f l u x  was begun; 
i n d i c a t i n g  a s i n g l e  e x p o n e n t ia l  l o s s .  S em i- lo g  p l o t s  
o f  i n t r a c e l l u l a r  g ly c in e *  c o n te n t  a g a i n s t  t im e  were 
c o r r e l a t e d  by r e g r e s s i o n  a n a l y s i s  and gave l i n e a r  
r e l a t i o n s h i p s .  The h a l f - t i m e ,  th e  r a t e  c o n s t a n t  and 
th e  r a t e  o f  e f f l u x  co u ld  th e n  be c a l c u l a t e d .
F i g , 9 shows t h e  r e s u l t  o f  one ex p er im en t i n  w hich  e f f l u x  
was m easu red , v a ry in g  t h e  i n i t i a l  i n t e r n a l  g ly c in e *  
c o n c e n t r a t i o n  by v a ry in g  t h e  e x t e r n a l  c o n c e n t r a t i o n  
d u r in g  ^ l y s i s * .  The e f f l u x  r a t e  was n o t  l i n e a r l y  
r e l a t e d  to  i n i t i a l  i n t e r n a l  c o n c e n t r a t i o n  b u t  became 
s a t u r a t e d .  The r e l a t i o n s h i p  obeyed M i c h a e l i s -Menten 
k i n e t i c s ;  g i v in g ,  in  t h i s  i n s t a n c e ,  v a lu e s  f o r  Vmax « 
3.29mmole/lIGW<,min, and Km = 4 7 . 7mmole/lICM., Taking 
a l l  v a lu e s  o b ta in e d  f o r  e f f l u x  r a t e s ,  mean v a lu e s  o f  
Vmax = 4»00mmole/lICW.min, and  Km ~ Ô3 . im m ole/lICW were 
o b t a i n e d .
No d i r e c t l y  com parab le  e x p e r im e n ts  were c a r r i e d  o u t 
u s in g  HeLa c e l l s .
In  one ^ m u l t i p l a t e - e f f l u x ^  e x p e r im e n t ,  norm al (non- 
l y s e d )  Xenopus c e l l s  w ere  lo a d e d  d u r in g  90min in c u b a t io n  
i n  W&Q p l u s  ( 2 - % )  g l y c i n e ,  O.lmM. With an i n i t i a l  
i n t e r n a l  g ly c in e *  c o n c e n t r a t i o n  o f  1.79mmole/lICW an 
e f f l u x  r a t e  o f  0 .14m m ole/lICW ,m in was o b ta in e d *  U sing 
t h e  k i n e t i c  c o n s t a n t s  c a l c u l a t e d  from * ly s ing *  e x p e r im e n ts ,  
t h e  e s t im a te d  v a lu e  was 0.12m m ole/lICW .rain, o r  O.OÔmmole/ 
n e w *  min»
I t  th u s  a p p e a re d  t h a t  *ly se d ^  Xenopus c e l l s  behaved  
n o rm a l ly  w i t h  r e s p e c t  to  amino a c i d  e f f l u x  p r o p e r t i e s .
The * l y s i n g '  t e c h n iq u e  ( a l lo w in g  c o n t r o l l e d ,  in d e p e n d e n t  
v a r i a t i o n  o f  i n i t i a l  i n t r a c e l l u l a r  g ly c in e  and io n  
c o n c e n t r a t i o n s ) ,  c o u ld  t h e n  be u se d  f o r  f u r t h e r  
in v e  s t  i g a t  i o n s .
Exchange  d i f f u s i o n
I t  was e x p e c te d  t h a t ,  i f  exchange  d i f f u s i o n  form ed a 
m a jo r  p a r t  o f  th e  u p ta k e  sys tem  o f  g ly c in e  in  Xenopus
Table 7
t r e a tm e n t g l y c i n e  i n f l u x  (m mole/lICW .m in)
c o n t r o l
l y s e d  - g l y c i n e  
l y s e d  + g ly c in e
0.7Ô -  0.06
0.73 -  Oi02
0.71 -  0 .04
E f f e c t  o f  i n t r a c e l l u l a r  g l y c i n e  c o n c e n t r a t i o n  on 
g l y c i n e  i n f l u x  i n t o  Xenopus c e l l s .
C e l l s  e q u i l i b r a t e d  30min, 27^0, i n  W&Q s a l t  s o l u t i o n  
(1% serum ) p r i o r  t o  e x p e r im e n t .  P l a t e s  r i n s e d ,
*ly sed *  3min + / -  2mM g l y c i n e ,  and r e c o n s t i t u t e d  
w i th  KCl f o r  5min. ( I n t e r n a l  g l y c i n e  c o n te n t  
= 8 -  ImM, from  p r e v io u s  e x p e r im e n t s . )  C o n t ro l  
p l a t e s  l e f t  f o r  lOniin w i th  no f u r t h e r  t r e a t m e n t ,  
P l a t e s  d r a in e d ,  r i n s e d  and  t h e  i n f l u x  o f  (^H) 
g l y c i n e  m easu red  (5min a t  27°C, from  (g )^  = 2mM). 
A n a ly s i s  o f  v a r i a n c e  showed no v a r i a t i o n  i n  c e l l  
volume o r  num bers p e r  p l a t e .  By S tu d e n t* s  T - t e s t ,  
when compared w i th  t h e  c o n t r o l ,  * l y s i s *  w i th  o r  
w i th o u t  g l y c i n e  had  no s i g n i f i c a n t  e f f e c t  on t h e  
s u b s e q u e n t  g l y c i n e  i n f l u x ,  ( p > 0 . 2 ) .  Each v a lu e  
= mean o f  3 r e a d i n g s  -  SE.
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c e l l s ,  i n f l u x  oug h t t o  be i n c r e a s e d  i f  t h e  i n t e r n a l  
c o n c e n t r a t i o n  o f  amino a c i d  w ere  i n c r e a s e d  by p r e ­
t r e a tm e n t  .
Removal o f  grow th medium and p r e i n c u b a t i o n  in  s a l t  
s o l u t i o n  r e s u l t s  in  a  low  i n t e r n a l  amino a c id  p o o l ,
(P ie z  & E a g le ,  1 9 5 8 ) .  Xenopus c e l l s  were e q u i l i b r a t e d  
in  W&Q s a l t  s o l u t i o n  an d , u s in g  th e  *l y s i s *  and r e f i l l i n g  
t e c h n iq u e ,  w ere  e i t h e r  f u r t h e r  d e p le t e d  o f  amino a c i d s  
o r  lo a d e d  w i th  u n l a b e l l e d  g l y c i n e .  G ly c in e  i n f l u x  was 
s u b s e q u e n t ly  m easured  u s in g  (2-^H) g l y c i n e .  As can be 
seen  from  T ab le  7 , i n f l u x  was u n a f f e c t e d  by i n t e r n a l  
g l y c i n e  c o n c e n t r a t i o n .  I t ,  t h e r e f o r e ,  a p p e a re d  t h a t  
exchange  u p ta k e  o f  g l y c i n e  d id  n o t  n o rm a l ly  o c c u r  in  
Xenopus c e l l s .
The e f f e c t  o f  e x t e r n a l  amino a c i d  d u r in g  th e  e f f l u x  o f  
g l y c i n e  was i n v e s t i g a t e d .  C e l l s  were ’ ly sed *  and 
r e f i l l e d  w i th  g l y c i n e  and e f f l u x  m easu red  by
c o l l e c t i n g  t h e  s e q u e n t i a l  f r a c t i o n s  l o s t  p e r  2 o r  5min 
i n t e r v a l s .  D u ring  e f f l u x  t h e  e x t e r n a l  medium was 
v a r i e d  by ad d in g  5mM u n l a b e l l e d  g l y c i n e  t o  W&Q s a l t  
s o l u t i o n .  E f f l u x  o f  g l y c i n e *  was th e n  i n t o  e x t r a c e l l ­
u l a r  m edia  w i th  o r  w i th o u t  added g l y c i n e .  The ( g ly c in e ) ^  
se q u e n c e s  were v a r i e d  be tw een  p l a t e s .  By a n a l y s i s  o f  
v a r i a n c e ,  e f f l u x  was n o t  s i g n i f i c a n t l y  a l t e r e d  by th e  
p r e s e n c e  o f  5mM g l y c i n e  e x t e r n a l l y ,  ( P > 0 . 5 ) *  When 
r e s u l t s  w ere  e x p re s s e d  a s  f r a c t i o n a l  l o s s  p e r  t im e  
i n t e r v a l  + / -  g l y c i n e ,  t h e n ; -  E x p t . l ,  + g ly c in e  = 0 .1 0 1  
-  0 .0 1 6 ,  - g l y c i n e ,  = 0 .1 0 #  i' 0 .0 1 6 ,  ( P > 0 .5 ) >  f o r  2min 
f r a c t i o n a l  l o s s .  E x p t .2 ,  t g l y c i n e  = 0*120 -  0 .0 0 7 ,  
- g l y c i n e  = 0 .1 2 5  -  0 .0 0 9 ,  (P> 0 . 5 ) ,  f o r  5min f r a c t i o n a l  
l o s s .  In  each c a s e  t h e  mean o f  10 r e a d in g s  -  SE i s  
g i v e n .
In  one e x p e r im e n t  w i th  n o rm al HeLa c e l l s  ( i e .  n o t  l y s e d )  
c e l l s  w e r e .p r e lo a d e d  w i th  g l y c i n e *  by p r e i n c u b a t i n g  f o r  
60min i n  O^lmM ( 2 - % )  g l y c i n e  i n  K rebs . E f f l u x  r a t e  
was c a l c u l a t e d  from  t h e  c o n te n t*  re m a in in g  i n  th e  c e l l s  
a f t e r  v a r i o u s  i n c u b a t i o n  t im e s  in  n o n - r a d i o a c t i v e  Krebs 
+ / -  g l y c i n e ,  lO^^M. The p r e s e n c e  o f  t h i s  c o n c e n t r a t i o n
T ab le  #
E x te r n a l  (K) (mM)
g ly c in e  i n f l u x  I 
(m m ole/l ICW.min)
0 .2 0*37 -  0 .0 5  (3)
2 .1 0*35 -  0 .0 3  (2)
5 .1 0 .3 4  -  0 .0 5  (4 )
1 0 .0 0 .2 8  i  0 .0 1  (4)
1 5 .2 0 .3 3  -  0 .0 6  (4)
E f f e c t  o f  e x t e r n a l  K on g ly c in e *  i n f l u x  (Xenopus)
P l a t e s  r i n s e d  in  low K s a l t  s o l u t i o n  and g ly c in e *  
u p ta k e  m easured  o v e r  5min from  2mM g l y c i n e ,  a t  t h e  
c o n c e n t r a t i o n s  o f  K shown ( ro o m T °C ) .  E x te r n a l  Na 
rem a in ed  c o n s t a n t .  T here  was no s i g n i f i c a n t  e f f e c t  
o f  t r e a tm e n t  on c e l l  num bers p e r  p l a t e ,  c e l l  volume, 
o r  g l y c i n e  i n f l u x .  V a lu es  g iv en  a r e  means ~ SE, 
w i th  t h e  number o f  o b s e r v a t i o n s  in  b r a c k e t s .  The 








[ g l y c i n e l g  (rnMi
F ig e 1 0 o
a ly s ln G ± _ ln f lu x  (X enopus).
P la te s  r in se d  in  a p p ro p ria te  Na* c o n c e n tr a tio n  andu p tak e  m easured  f o r  2min, a t  room te m p e r a tu r e ,  from t h e  c o n c e n t r a t i o n s  of  g l y c i n e  shown on t h e  a b s c i s s a .  MaCl was r e p l a c e d  i n  an i s o - m o la r  manner w i th  e i t h e r  KCl or c h o l in e  C l, s o ^ t h a t  io n  c o n te n t s  ImM) o f  soak  
m edia w ere :  c o n t r o l  Na = 6 9 , K = 5; w i thp o ta s s iu m  , Na = 4; & = &7; w i th  c h o l in e } ^ ; ]Na -  3s K ™ For c o n t r o l  i n f l u x  v a lu e s ,  t h e  i i s  drawn t o  f i t  a M ich ae l  i s '“Ment en r e l a t i o n s h i p  k i n e t i c  c o n s t a n t s  c a l c u l a t e d  from 8/V  : S p l o t  o f  t h e  d a t a  ( c o r r e l a t i o n  o f  F'< 0 .0 0 1 )  0 Low-Na d a t a  d i d  n o t  obey M-M k i n e t i c s  ov e r  t h e  c o n c e n t r a t i o n s  of  g l y c i n e *  u sed , b u t  l i n e s  a re  drawn from l i n e a r  r e g r e s s i o n s  o f  V : 8 , ( P < 0 . 0 0 l ) a  The e f f e c t  o f  r e p l a c i n g  Na+ w i th  
K‘*' was n o t  s i g n i f i c a n t l y  d i f f e r e n t  f rom t h e  c h o l i n e  e f f e c t  ( p ^ 0 ,2 ) .  C e l l  number and volume w ere n o t  a f f e c t e d  by th e  t r e a t m e n t .  Each p o i n t  r e p r e s e n t s  an i n d i v i d u a l  r e a d in g ;  from  2 e x p e r im e n ts .











j 'îaC l on(Xenopus)*
P l a t e s  r i n s e d  in  a p p r o p r i a t e  [Na] s and g ly c in e *  
c o n te n t s  m easured  a f t e r  I n c u b a t io n  a t  room 
t e m p é r a t u r e  j,or t h e  t im e s  i n d i c a t e d  on tJie a b s c i s s a ^  
E x te r n a l  g l y c i n e *  -  OelmM, p r e p a r e d  i n  W&Q s a l t  
s o l u t i o n  w i t h  t h e  f o l l o w i n g  Ion  l e v e l s  5 c o n t r o l  | o |  
Na := K = 7 ; w i th  KOI i n  p l a c e  o f  NaCl^Q] , %\îa = 
0 *3 , K = 9 0 ; w i th  c h o l in e  ClgisJ, Na -  0 . 2 , K r= 7  ^
( c o n c e n t r a t i o n s  e x p r e s s e d  a s  mM). C e l l  numbei" and  
volume w ere n o t  a f f e c t e d  by t r e a t m e n t .  Each p o i n t  
r e p r e s e n t s  an i n d i v i d u a l  r e a d i i i g .  L in e s  drawn by 
eye*
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o f  g l y c in e  had  no e f f e c t  on t h e  h a l f - t i m e  o f  e f f lu x #
E f f e c t s  o f  i o n i c  c o m p o s it io n  o f  e x t r a c e l l u l a r  m edia on g l y c i n e  .uptake-
XenoDus
P o ta s s iu m  T ab le  8 shows t h a t  t h e r e  was no 
s i g n i f i c a n t  e f f e c t  o f  e x t e r n a l  K c o n c e n t r a t i o n  
(0*14 to  1 5 i l 8mM) on g l y c i n e  i n f l u x  when t h e  
c o n c e n t r a t i o n  was v a r i e d  d u r in g  t h e  5min i n c u b a t i o n  
tim e# E x te rn a l  Na rem a in ed  c o n s t a n t  a t  6?mM# No 
o t h e r  io n  was added  t o  t h e  W&Q s a l t  s o l u t i o n  and no 
a d ju s tm e n t  was made f o r  any change in  t h e  o s m o la r i t y  
o f  t h e  i n f l u x  medium# Thus, i n f l u x  o f  g ly c in e  
ap p ea re d  u n a f f e c t e d  by a change in  e x t e r n a l  K a lone#
Sodium F i g *10 shows th e  e f f e c t  o f  r e p l a c i n g  
e x t e r n a l  NaCl w i th  KCl o r  c h o l in e  01 d u r in g  5min 
i n f l u x  m easurem ents  from  v a ry in g  e x t e r n a l  c o n c e n t r a t i o n s  
o f  g l y c i n e .  In  t h e  soak s o l u t i o n  c o n ta in in g  no rm al 
io n  l e v e l s ?  t h e  u p ta k e  obeyed M ic h ae lis -M en ten  
s a t u r a t i o n  k i n e t i c s ,  (Vmax = 0 . 86mmole/lIGW, Km « 
2 #03raM), T o ta l  r e p la c e m e n t  o f NaCl i n  th e  soak 
s o l u t i o n  r e s u l t e d  in  a re d u c e d  g ly c in e  i n f l u x .  Over 
t h e  c o n c e n t r a t i o n  ra n g e  i n v e s t i g a t e d ,  th e  d a t a  c o u ld  
n o t  be f i t t e d  t o  M ic h a e l is -M e n te n  k i n e t i c s ;  b u t ,  by 
r e g r e s s i o n  a n a l y s i s ,  s i g n i f i c a n t  l i n e a r  c o r r e l a t i o n s  
w ere  o b ta in e d  f o r  b o th  c h o l in e  and K re p la ce m e n t#
The e f f e c t s  o f  c h o l in e  and K were n o t  s i g n i f i c a n t l y  
d i f f e r e n t #
T h is  r e d u c e d  i n f l u x  r e s u l t e d  i n  an i n a b i l i t y  o f  t h e  
c e l l s  to  a cc u m u la te  g l y c i n e .  F i g . 11 shows a n o rm al 
d i s t r i b u t i o n  r a t i o ,  and e q u i l i b r a t i o n  v a lu e s  when 
e x t e r n a l  NaCl was r e p l a c e d  by e i t h e r  K o r  c h o l in e  
C l .  In  n e i t h e r  c a s e  w ere  t h e  c e l l s  a b le  t o  
c o n c e n t r a t e  g ly c in e  above th e  e x t e r n a l  c o n c e n t r a t i o n  
o f  O.lmM. A lthou gh  i n f l u x  was re d u c e d  e q u a l l y  by 
c h o l in e  o r  K r e p la c e m e n t ,  th e  e q u i l i b r iu m  l e v e l  o f  
i n t r a c e l l u l a r  g l y c i n e  was g r e a t e r  when K was t h e  
r e p l a c i n g  ion#
Table 9
e x t e r n a lsodiumc o n c e n t r a t i o n(mM)
Vmax
(m m ole/l ICW.min)
Km
(mM)




E f f e c t  o f  e x t e r n a l  Na on k i n e t i c  c o n s t a n t s  o f  
g ly c in e *  i n f l u x  (X enopus).
G ly c in e *  i n f l u x e s  m easu red  over 5min a t  room 
t e m p e r a tu r e ,  a t  v a ry in g  e x t r a c e l l u l a r  g l y c i n e  and 
Na c o n c e n t r a t i o n s ,  (NaCl r e p l a c e d  w i th  c h o l in e  Cl) 
D a ta  c o r r e l a t e d  t o  g iv e  s t r a i g h t  l i n e s  (by 
r e g r e s s i o n  a n a l y s i s ,  P <  0 .0 0 1  o r  P < 0 . 0 2 ) ,  w i th  
E ad ie  p l o t s  of S/V : S , w here  V = i n f l u x  and  S = 
e x t e r n a l  c o n c e n t r a t i o n  o f  g l y c i n e .  E x te r n a l  K 
was n o t  v a r i e d .  D ata  from  2 e x p e r im e n ts .
Table 10
. ..............1
Expt. E x te rn a l  Na c o n c e n t r a t i o n  (mM)
S u b s t i t u t i n gc h l o r i d e
Vmax (mmole/lICW .m in) Km(mM)
1« 135 1 3 .2 $ 3 .4 3
35 c h o l in e 13 .0 $ 6 .4 0
36 l i t h i u m 1 1 .0 9 6 .2 $
2. 1 3 0 3 ,3 7 1 .9 5
75 c h o l in e 2 .6 2 1 .2 3
35 c h o l in e 3 .0$ 2 .9 3
2 c h o l in e 3 .3 0 1 4 . 6 3
E f f e c t  o f  e x t e r n a l  Na on k i n e t i c  c o n s t a n t s  o f  g ly c in e  
i n f l u x  (HeLa).
G ly c in e *  i n f l u x e s  m easu red  o v e r  5min ( e x p t . l )  o r  2min 
( e x p t . 2 ) ,  a t  37°0} in  K rebs w i t h  NaCl p a r t i a l l y  
r e p l a c e d  w i th  i o n s  shown. D ata  c o r r e l a t e d  to  g iv e  
s t r a i g h t  l i n e s  by l i n e a r  r e g r e s s i o n  a n a l y s i s  o f  
E ad ie  p l o t s  o f  S/V : S* E x te r n a l  K was c o n s t a n t  a t  
6mM« C e l l  volume and number w ere  n o t  a f f e c t e d  by 
t r e a t m e n t .
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As t o t a l  r e p la c e m e n t  o f  NaCl r e s u l t e d  in  such  a 
l a r g e  change in  t h e  t r a n s p o r t  c a p a c i ty  o f  t h e  
sys tem , k i n e t i c  a s p e c t s  o f  t h e  a l t e r a t i o n  were 
s t u d i e d  w i th  o n ly  p a r t i a l  Na rep la ce m e n t*  U su a l ly  
a  20% r e d u c t io n  i n  e x t e r n a l  Na had  l i t t l e  e f f e c t  
h u t  f u r t h e r  r e d u c t i o n  r e s u l t e d  in  a d e c r e a s e d  i n f l u x  
f o r  a l l  c o n c e n t r a t i o n s  o f  g l y c i n e  used* A b so lu te  
v a lu e s  v a r i e d  i n t e r e x p e r i m e n t a l l y so t h a t  a n a ly s e s  
w ere  c a r r i e d  o u t  w i t h in  e x p e r im e n ts .  In  2 e x p e r im e n ts  
( a n a ly s e s  shown i n  T ab le  9) th e  a p p a r e n t  Km o f  g ly c in e *  
i n f l u x  i n c r e a s e d  s i g n i f i c a n t l y  ( P < 0 .0 $ )  a s  e x t e r n a l  
Na was red u c ed  ( i n d i c a t i n g  a low er c a r r i e r  a f f i n i t y )  
w h i l s t  Vmax was n o t  a l t e r e d  s i g n i f i c a n t l y *
In  a s i m i l a r  m anner, d a t a  f o r  g ly c in e  i n f l u x  co u ld  
be l i n e a r l y  c o r r e l a t e d  w i th  e x t e r n a l  Na c o n c e n t r a t i o n  
(C) i n  a p l o t  o f  C/V : C. T h is  i n d i c a t e d  a  1 :1  
r e l a t i o n s h i p  betw een Na and g ly c in e  f o r  each 
c o n c e n t r a t i o n  o f  e x t e r n a l  g ly c in e  u se d ,  ( 0 . 0 5 - 2 *OmM)•
The a f f i n i t y  o f  th e  sy s tem  f o r  Na rem a in ed  c o n s ta n t  
w i t h i n  e x p e r im e n ts  b u t  v a r i e d  in te r -e x p e r im e n t  a l l y  . 
V a lu e s  f o r  Km o f  Na w ere  r e c o r d e d  betw een 9 and 
20mM o f  e x t e r n a l  Na, s u g g e s t in g  t h a t  t h e r e  were 
d i f f e r e n c e s  i n  t h e  Na s e n s i t i v i t y  o f  th e  g ly c in e  
c a r r i e r s  be tw een  g ro u p s  o f  c e l l s .
2 .  HeLa
Sodium R e s u l t s  o f  k i n e t i c  a n a ly s e s  o f  i n f l u x  
v a lu e s  o b ta in e d  a t  v a ry in g  e x t e r n a l  g l y c i n e  and 
sodium c o n c e n t r a t i o n s  a r e  shown in  T able  1 0 .
R e s u l t s  a re  q u a l i t a t i v e l y  s i m i l a r  to  t h o s e  found  
f o r  Xenopus c e l l s  in  t h a t  r e d u c t io n  in  e x t e r n a l  Na 
r e s u l t e d  in  a  s i g n i f i c a n t l y  i n c r e a s e d  Km o f  i n f l u x  
( P < 0 .0 0 1 )  w i th  no s i g n i f i c a n t  change in  th e  Vmax 
( i n d i c a t i n g  a d e c r e a s e d  c a r r i e r  a f f i n i t y  f o r  amino 
a c id  w i th  no a l t e r a t i o n  in  t h e  c a r r i e r  number a f  
r a t e  o f  t u r n o v e r ) .  T here  was no s i g n i f i c a n t  
d i f f e r e n c e  be tw een  c h o l in e  and l i t h i u m  re p la c e m e n t  
o f  e x t e r n a l  sod ium .




























E f f e c t  o f  i n t r a c e l l u l a r  Na and K on g ly c in e  i n f l u x ,
X enopus0 C e l l s  ^ ly s e d ' f o r  5min and r e c o n s t i t u t e d  
f o r  a f u r t h e r  5min w ith  t h e  c h l o r i d e  i n d i c a t e d o  Io n  
c o n te n t s  m easured  im m e d ia te ly  a f t e r  tr e a tm e n t .  I n f lu x  
m easured  from  low-K W&Q (2mM g l y c i n e * ) ,  at room, 
t e m p e r a tu r e .  .T - te s t  showed no s i g n i f i c a n t  e f f e c t  o f  
t r e a tm e n ts  on i n f l u x  (P> 0 .9  o r  P]>0 ,5  ) ; c e l l  number o r  
volume ( P ) 0 . l ) ,  V a lu es  a r e  means t  SE o f  4 r e a d in g s  
f o r  i n f l u x  and 6 r e a d i n g s  f o r  io n  co n ten ts*
□  g ly c in e  i n f l u x ,  {_ J  i n t r a c e l l u l a r  Na, J22 i n t r a c e l l u l a r
Ko
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Fo r  e x p e r im e n t  2 (T ab le  1 0 ) ,  d a t a  were a l s o . p l o t t e d  
a s  S/V : S w here  V = g ly c in e *  i n f l u x  and S = 
e x t e r n a l  c o n c e n t r a t i o n  o f  Na. By r e g r e s s i o n  
a n a l y s i s ,  l i n e a r  c o r r e l a t i o n s  w ere  o b ta in e d  f o r  
each e x t e r n a l  c o n c e n t r a t i o n  of g ly c in e  (0 .5  ~ 3mM) 
w i th  r > 0 . Ç 6 .  T h is  i n d i c a t e d  a 1 :1  r e l a t i o n s h i p  
be tw een  Na and g l y c i n e .  The s e n s i t i v i t y  o f  th e  
c a r r i e r  t o  Na was in d e p e n d e n t  o f  t h e  g l y c i n e  
c o n c e n t r a t i o n  w i th  a Km o f  e x t e r n a l  Na o f  14mM,
( a t  which Na c o n c e n t r a t i o n ,  h a l f  maximal g ly c in e  
i n f l u x  would  be m e a su re d ) .  T h is  c o u ld  e x p la in  
th e  f i n d i n g  t h a t  a  m arked r e d u c t io n  in  e x t e r n a l  Na 
was n e c e s s a r y  b e f o r e  an e f f e c t  on g ly c in e  i n f l u x  
cou ld  be d e t e c t e d .  F o r  e x p e r im en t  2, i n  T ab le  10 , 
t h e  i n f l u x  v a lu e s  a t  ?5mM e x t e r n a l  Na were n o t  
s i g n i f i c a n t l y  d i f f e r e n t  from  th o s e  m easured  a t  
130mM e x t e r n a l  Na.
E f f e c t s  o f  i n t r a c e l l u l a r  io n  c o n c e n t r a t i o n s  on g ly c in e  u p ta k e
1 .  Xenopus
^L y s i s * I n t e r n a l  io n  c o m p o s it io n  was v a r i e d  d u r in g  
th e  * ly s in g*  p ro c e d u re  by r e c o n s t i t u t i n g  c e l l s  w i th  
e i t h e r  KOI, NaCl o r  c h o l in e  C l. I n t r a c e l l u l a r  Na 
v a r i e d  betw een th e  c o n t r o l  l e v e l  (14mmole/lICW) and 
40mmole/U»CW. I n t r a c e l l u l a r  K v a r i e d  betw een 83 
and 210mmole/lICW. The b a r  d iag ram  o f  F i g . 12 shows 
t h e  su b se q u e n t  g l y c i n e  i n f l u x  in  c o n t r o l  and 
e x p e r im e n ta l ly  t r e a t e d  c e l l s  w i th  t h e i r  a s s o c i a t e d  
i n i t i a l  i n t r a c e l l u l a r  io n  l e v e l s .  The i n f l u x e s  
w ere n o t  s i g n i f i c a n t l y  d i f f e r e n t  from  t h e  c o n t r o l  
v a lu e  (by T - t e s t ) d e s p i t e  a l t e r e d  i n t r a c e l l u l a r  
io n  c o n c e n t r a t i o n s .
Low (K)_ in c u b a t io n  I h r  in c u b a t io n  a t  room 
te m p e ra tu re  i n  W&Q s a l t  s o l u t i o n  c o n ta in in g  0.2mM 
K (compared w i th  t h e  no rm al 5mM), r e s u l t e d  i n  a 
p a r t i a l  b lo ck  o f  th e  sodium  pumps. There  was a  
su b se q u e n t  i n c r e a s e  i n  i n t r a c e l l u l a r  Na from  9 -  
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C e l l s  *ly8od* 5min and r e c o n s t i t u t e d  5min w i th  t h e  
c h l o r i d e  io n s  shown. P l a t e s  r i n s e d  and i n f l u x  m easu red  
i n  low-K^ K rebs, g ly c in e *  2mM* o v e r  5min a t  37°C,
A n a ly s i s  o f  v a r i a n c e  showed t h a t  g l y c i n e  i n f l u x  was 
d e p en d e n t  upon i n t r a c e l l u l a r  io n  l e v e l s ,  ( P ^  0 * 0 2 5 ) ,
Io n  c o n te n t s  m easured  im m e d ia te ly  a f t e r  r e c o n s t i t u t i o n  
o f  t h e  c e l l s .  V a lues  a r e  means o f  2 r e a d i n g s  1 SB b a r s .  
13 M g l y c i n e  i n f l u x ,  [1] = i n t r a c e l l u l a r  Na, 63 =
i n t r a c e l l u l a r  1C*
Table 11
P r e in c u b a t io n  
medium ( I h r )
(K content,m M )
i n f l u x  
medium (5min)
Vmax
(m m ole/l ICW.min)
Km
(mM)
c o n t r o l  (7) c o n t r o l  (7) 10.5 3.19
c o n t r o l  (5) low-K ( 0 .1 ) a . 3 2 .6 7
low-K (0 .2 ) c o n t r o l  (7) 6 .7 1 .3 3
low-K (0 .1 ) low-K (0 .1 ) if. 0 5.91
E f f e c t  o f  low-K i n c u b a t i o n  on g ly c in e *  i n f l u x ,  HeLa.
C e l l s  p r e in c u b a te d  a t  37°G in  c o n t r o l  K rebs o r  low-K 
K rebs (KCl o m i t te d )  and i n f l u x  m easured  over 5min from 
v a ry in g  e x t e r n a l  g ly c in e *  c o n c e n t r a t i o n s  (37°G ), in  
c o n t r o l  o r  low-K K re b s .  E x te r n a l  Na c o n s t a n t  a t  ILOmM, 
K i n e t i c  c o n s t a n t s  c a l c u l a t e d  from  S/V : 3 l i n e a r  
c o r r e l a t i o n s  o f  d a t a .  C e l l  number and volume w ere  n o t  
a f f e c t e d  by t r e a t m e n t .
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135 -  2 to  111 -  Iramole/lICW (means -  SE). From
th e  * l y s i s *  r e s u l t s , ,  t h i s  was assumed t o  be 
i n s u f f i c i e n t  an a l t e r a t i o n  t o  cau se  any d e t e c t a b l e  
change in  g ly c in e  i n f l u x .
2 ,  HeLa
* L y s i s * Ion  c o n te n t s  w ere  a l t e r e d  d u r in g  * lys ing *  
t r e a t m e n t .  F i g . 13 shows g ly c in e *  i n f l u x  m easured  
a f t e r  * l y s i s *  and t h e  a s s o c i a t e d  i n t r a c e l l u l a r  Na 
and K l e v e l s .  A ll  i n f l u x  v a lu e s  w ere  low er th a n  
th e  c o n t r o l  ( n o n - * ly s e d * ) v a lu e  o f  1 .7 4  -  0 .0 6  
mmole/IICW. T h is  was assumed t o  be a n o n - s p e c i f i c  
e f f e c t  due t o  * l y s i s * .  There  was, how ever, a 
f u r t h e r  d e c r e a s e  in  g ly c in e *  i n f l u x  a s s o c i a t e d  w i th  
an i n c r e a s e  i n  i n t r a c e l l u l a r  Na and u n r e l a t e d  to  
t h e  i n t r a c e l l u l a r  K v a r i a t i o n .
Low-K in c u b a t io n  B ecause  o f  t h e  p o s s i b i l i t y  t h a t  
t h e  * ly s is*  t r e a t m e n t  a f f e c t e d  amino a c id  i n f l u x  
i n  HeLa c e l l s  d i r e c t l y ,  i n t r a c e l l u l a r  io n  l e v e l s  
w ere  m a n ip u la te d  by p r e i n c u b a t i o n  in  low-K Krebs 
(minus K Cl), ( f o r  exam ple, i n  1 e x p e r im e n t ,  a f t e r  
I h r ,  i n t e r n a l  Na was i n c r e a s e d  from 12 -  0 . 9  to  
42 -  2mmole/lICW and  i n t e r n a l  K c o n c e n t r a t i o n  
d e c r e a s e d  from  I 46 -  4 t o  62 -  7mmole/lICW).
T ab le  11 shows k i n e t i c  c o n s t a n t s  o f  i n f l u x  from  2 
s i m i l a r  e x p e r im e n ts .  In  c o n t r o l  c e l l s  ( p r e in c u b a te d  
I h r  i n  n o rm al K rebs) rem oval o f  e x t r a c e l l u l a r  K 
d u r in g  th e  5min i n f l u x  p e r i o d  had  no s i g n i f i c a n t  
e f f e c t  on g l y c i n e  i n f l u x ,  (by r e g r e s s i o n  a n a l y s i s  
o f  S/V : S p l o t s  o f  the d a t a ,  and T - t e s t s  o f  s lo p e s  
and i n t e r c e p t s  o f  t h e  l i n e a r  c o r r e l a t i o n s  o b t a i n e d ) .
In c u b a t io n  i n  low-K f o r  I h r  caused  a d e c r e a s e  i n  
g l y c i n e  i n f l u x ,  when u p ta k e  was m easured  i n  low-K 
K reb s . T h is  was a s s o c i a t e d  w ith  a d e c r e a s e d  Vmax 
( P < 0 * 0 1 ) ,  i n d i c a t i n g  a d e c r e a s e d  number o r  r a t e  
o f  t u r n o v e r  o f  c a r r i e r s .  The a p p a r e n t  Km 
i n c r e a s e d ,  th o u g h  n o t  s i g n i f i c a n t l y  s o .
CD
0 20 AO 60 [Na):
40 , , . 1 #  [K];(m-rnole/l cell w ater )
F i g . 14*
a n d  K _  l e v e l s  a n  g l y c i n e
C e l l s  p r e in c u b a te d  in  K rebs c o n ta in i n g  K K, 0 .1  t o  
4 7 # i ; p l a t e s  r i n s e d  i n  low-K Krebs and i n f l u x  
m easured  from Krebs? K %= 041.mM, g l y c i n e *  2mM., f o r  
5miii a t  37^0. C e l l  number and  volume n o t  a f f e c t e d  
by t r e a tm e n tc  L in e s  drawn by r e g r e s s i o n  a n a l y s i s *  
Each p o i n t  r e p r e s e n t s  an i n d i v i d u a l  re a d in g *
I n f l u x  c o r r e l a t e d  w i th  K rm * w i th  Na o  ^
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I f  i n f l u x  was m easured  from norm al K reb s , th e  
c e l l s  a p p ea re d  t o  p a r t i a l l y  r e c o v e r  from t h e  low - 
K t r e a tm e n t  w i t h in  t h e  5min o f  u p ta k e  measurement*
T his was p resu m ab ly  due t o  a r e c o v e ry  o f  norm al 
i n t r a c e l l u l a r  io n  l e v e l s .
In  t h e s e  e x p e r im e n ts  a l l  t h e  KCl was o m i t te d  from  
t h e  Krebs b u t  by v a ry in g  t h e  e x t e r n a l  K d u r in g  
t h e  I h r  p r e i n c u b a t i o n ,  i t  was p o s s i b l e  t o  o b t a i n  
a ran g e  o f  r e s u l t a n t  i n t r a c e l l u l a r  io n  l e v e l s .
In  t h i s  t r e a tm e n t ,  how ever, u n l ik e  t h e  * lysing*  
t r e a t m e n t ,  changes i n  i n t r a c e l l u l a r  Na and K w ere 
n e c e s s a r i l y  l i n k e d .  Thus, a l th o u g h  a g r a d a t io n  
i n  th e  r e d u c t io n  o f  g l y c i n e  i n f l u x  was observed*  
i t  was n o t  p o s s i b l e  t o  d i s t i n g u i s h  w h e th e r  t h e  
e f f e c t  was due  t o  an i n c r e a s e d  i n t e r n a l  Na o r  a 
d e c r e a s e d  i n t e r n a l  K. In  F i g . l 4  e q u a l ly  good 
l i n e a r  c o r r e l a t i o n s  w ere  o b ta in e d  f o r  g ly c in e  
i n f l u x  : i n t r a c e l l u l a r  Na ( r  = -0 .9 5 3 )  and i n f l u x  : 
i n t r a c e l l u l a r  K ( r  = 0 .9 5 0 ) ,  g iv in g  P< 0 .001*
Low-K i n c u b a t io n  w i th  s o r b i t o l  re p la c e m e n t  o f  e x t e r n a l  Na
In  an a t t e m p t  t o  c irc u m v e n t  t h i s  i n t e r a c t i o n  betw een 
i n t r a c e l l u l a r  Na and  K v a r i a t i o n ,  c e l l s  w ere  in cu b a te d *  
a s  p r e v i o u s l y ,  w i th  low-K K rebs b u t ,  i n  a d d i t i o n ,  
s o r b i t o l  i s o - o s m o t i c a l l y  r e p l a c e d  e x t e r n a l  Na t o  a 
v a ry in g  e x t e n t .  W ith  up t o  60% s u b s t i t u t i o n  of 
e x t e r n a l  Na, s o r b i t o l  i t s e l f  had no e f f e c t  on io n  
c o n te n t s  ( P > 0 #2 5 ) n o r  on g l y c i n e  i n f l u x  (P > 0 * 5 )*
In  c e l l s  i n c u b a te d  in  low-K (0.2mM) th e  i n t r a c e l l u l a r  
io n  c o n c e n t r a t i o n s  w ere a l t e r e d  (K d e c r e a s e d  from 
approx* 120 t o  50mmole/lICW and Na i n c r e a s e d  from 
a p p ro x .  11 to  50mmole/lICW) and  g l y c i n e  i n f l u x  was 
re d u c e d ,  a s  n o t e d  p r e v i o u s l y .  As e x t e r n a l  Na was 
r e p l a c e d  w i th  s o r b i t o l ,  i n t r a c e l l u l a r  Na ap p ro a ch e d  
a no rm al v a lu e  and g l y c i n e  i n f l u x  i n c r e a s e d  from  
i t s  low l e v e l .  No c o r r e l a t i o n  was found  betw een 
g ly c in e  i n f l u x  and i n t r a c e l l u l a r  K. T here  w as, 
how ever, a  l i n e a r  c o r r e l a t i o n  betw een i n f l u x  and 
i n t r a c e l l u l a r  Na ( r  = - O .9I 6 ) ,  a  v  : f (N a ) j
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.0 20 60[ Nci l :  (m-mole/ l ÏCVY)
F i g . 15 .
i n f l u x .  HmLn
C e l l s  p r e in c u b a te d  I h r  a t  37^C i n  norm al K rebs o r  
low-K K rebs (m inus KCl) w i t h  Wa^ p a r t i a l l y  r e p l a c e d  
by s o r b i t o l o  G ly c in e  I n f l u x  m easu red  o v e r  5!%in a t  
37' 0 from  2mM g ly c in e *  i n  low-K Krebs* n o rm al Na@
No e f f e c t  o f  t r e a tm e n t  on c e l l  num ber. By a n a l y s i s  
o f  v a r ia n c e *  c e l l  volume was i n c r e a s e d  up t o  \h/fa 
w i th  s o r b i t o l  t r e a t m e n t ,  ( P < 0 . 0 0 1 ) .  Each p o i n t  
r e p r e s e n t s  an i n d i v i d u a l  r e a d i n g ,  norm al-K  ( e ) ,  
low-K ( 0 ) .  Curve drawn t o  f i t  t h e  e q u a t io n  V =
1 / ( 0 « 1 2 9 0  'b 0 *1 3 0 ) ,  w here  V -  g ly c in e *  i n f l u x  and 
C -  i n t r a c e l l u l a r  c o n c e n t r a t i o n  o f  Na**
Table 12
r e c o n s t i t ­u t i n gc h l o r i d e
i n t r a c e l l u l a rio nc o n c e n t r a t i o n  (m m ole/l ICW)
i n i t i a l  ( g ly c in e  )j^
(mmole/lICW)
T4 .(min)
r a t e  c o n s ta n t  (m in~^)
e f f l u x(m m ole/lICW.min)
Na K
sodium 23 74 1 0 .5 l 6 . 6 0 .0 4 2 0 . 43a
N a /c h o l in e IB 63 7 .2 1 8 .0 0 .0 3 9 0*277
c h o l in e 6 52 5 .1 i a . 2 0 .03 8 0 .1 9 4
Na 9 .6 1 5 .2 0 .0 4 6 0 .4 4 2
c h o l in e 6 .0 1 8 .0 0 .0 3 9 0 .2 3 2
Na 20 52 6 .5 2 7 .6 0 .0 2 5 0 .1 6 3
c h o l in e 5 43 5 .5 2 2 .8 0 .0 3 0 0 .1 6 7
E f f e c t  o f  i n t r a c e l l u l a r  Na on g ly c in e *  e f f l u x  from  
’ ly se d *  c e l l s .  Xenopus.
C e l l s  l y s e d  (lOmin) and r e c o n s t i t u t e d  (lOmin) a t  room 
t e m p e r a tu r e .  ( 2 - % )  g l y c i n e  (1 .5  to  2.5mM) p r e s e n t  
o x t r a -c e l lu la t jy  d u r in g  t r e a t m e n t .  Each e f f l u x  r a t e  
c a l c u l a t e d  from  6 f r a c t i o n a l  l o s s  v a lu e s  p e r  2 o r  
3min i n t e r v a l s ,  from  one p l a t e  o f  c e l l s .  E x te r n a l  
medium d u r in g  e f f l u x  was norm al W&Q s a l t  s o l u t i o n .  

















F ig * l6  i  and i i
C e l l s  *lysed* 10min and r e c o n s t i t u t e d  10min? iii  t h e  
p resen ce  o f  l+^mM g l y c i n e * .  E f f lu x  was i n t o  normal
( i )  e x p ressed  as f r a c t i o n a l  l o s s .  Each h istogram  from  
1 p l a t e  o f  c e l l s ,  r e c o n s t i t u t e d  w i th  KCl 
c h o l in e  C l  , or
( i i )  e x p re s s e d  a s  g ly c in e *  c o n te n t  a g a i n s t  time* Each 
p o i n t  r e p r e s e n t s  an i n d i v i d u a l  r e a d in g .  C o l l s  
r e c o n s t i t u t e d  w i th  Na o , K © , c h o l i n e  L in e s
drawn by eye* Each l i n e  i s  from  one p l a t e *
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r e l a t i o n s h i p * .  k  more a c c e p t a b l e  d i s t r i b u t i o n  o f  
v a r i a n c e  abou t t h e  l i n e a r  c o r r e l a t i o n  was found  
f o r  a l / v  : f (N a )^  r e l a t i o n s h i p  ( r  = 0 .9 3 4 )*
F i g . 15 shows g ly c in e  i n f l u x  p l o t t e d  a g a i n s t  i n t e r n a l  
Na, w i th  t h e  cu rv e  f i t t e d  u s in g  th e  s lo p e  and 
i n t e r c e p t  v a lu e s  c a l c u l a t e d  from t h i s  l a t t e r  p l o t .
S im i la r  r e s u l t s  were o b ta in e d  i f  L i ,  i n s t e a d  o f  
s o r b i t o l ,  was s u b s t i t u t e d  f o r  e x t e r n a l  Na d u r in g  
low-K in c u b a t i o n .
E f f e c t  o f  i n t r a c e l l u l a r  io n  c o n c e n t r a t i o n  on e f f l u x  o f  g l v c i n e
Xenopus
Sodium C e l l s  were lo a d e d  w i th  (2-^H) g l y c i n e  and t h e i r  
i o n i c  c o n te n t s  v a r i e d  d u r in g  * lys ing*  t r e a t m e n t .  E f f l u x  
o f  glycine^'^ from c e l l s  r e c o n s t i t u t e d  w ith  e i t h e r  Na o r  
c h o l in e  Cl co u ld  be r e p r e s e n t e d  by a s i n g l e  e x p o n e n t i a l ,  
d e s p i t e  th e  f a c t  t h a t  io n  c o n te n t s  changed d u r in g  th e  
t o t a l  e f f l u x  t im e  o f  12 t o  lô m in .  T ab le  12 shows th e  
r e s u l t s  from  3 e x p e r im e n ts .  As can be s e e n ,  t h e  
e x t e n t  t o  which t h e  c e l l s  cou ld  be lo a d e d  w i th  g ly c in e *  
depended  on t h e  r e c o n s t i t u t i n g  c h lo r i d e  i o n .  T h is  was 
p ro b a b ly  due to  no rm al g l y c i n e  a c c u m u la t io n  u t i l i s i n g  
th e  amino a c i d  t r a n s p o r t  sy s tem  d u r in g  Na r e c o n s t i t u t i o n .  
I n t r a c e l l u l a r  Na was r a i s e d  to  a l e v e l  p r e v i o u s ly  shownïjct o  be  in s u f f i c i e n t  to  c a u se  a  r e d u c t i o n  in  g l y c i n e  i n f l u x .  
In  t h e s e  *high-Na* c e l l s , g l y c i n e  e f f l u x  was i n c r e a s e d  
b u t  t h i s  co u ld  be s im p ly  e x p la in e d  i n  te rm s o f  t h e  
i n c r e a s e d  i n i t i a l  i n t r a c e l l u l a r  g ly c in e *  c o n c e n t r a t i o n .
P o ta s s iu m  C e l l s  were r e c o n s t i t u t e d  by a d d in g  KCl o r  
c h o l in e  Cl to  h y p o to n ic  * ly s ing *  s o l u t i o n  and g ly c in e *  
e f f l u x  s u b s e q u e n t ly  m easu red .
E f f l u x  was n o t  a  s im p le  e x p o n e n t ia l  b u t  co u ld  be 
a n a ly s e d  i n t o  a t  l e a s t  two com ponents; an i n i t i a l  f a s t  
component, f o l lo w e d  by a  s lo w er  e f f l u x .  F i g . 16 ( i )  
and ( i i )  show f r a c t i o n a l  l o s s  p e r  3min t im e  i n t e r v a l s  
and se m i- lo g  p l o t s  o f  g ly c in e *  c o n te n t  a g a i n s t  t im e  
from  c e l l s  ^ ly s e d ’ and r e c o n s t i t u t e d  w i th  e i t h e r  KCl,
Table 13
r e c o n s t i t ­
u t i n gc h lo r i d e
i n t r a c e l l u l a rio nc o n c e n t r a t i o n  (m m ole/l ICW)
i n i t i a l( g ly c in e
(n m o le /n e w  ) (min)
r a t ec o n s t a n t(min"*^)
1
e f f l u x
(m m ole/lICW.min)
Na K
K 7 13a ( i ) ,( i i ) 22.5(1 1 .5 )
6 .1(1 1 .6 ) 0 .1 1 4(0 .0 6 0 ) 2 .556(0 . 6 8 7 )
K 5 111 ( i )( i i )
2 9 .6
(2 2 . 5 ) 1 0 .9(2 0 .8 )
0 .0 6 4
(0 . 0 3 3 )
1 .8 8 3
(0 .7 4 9 )
K 7 105 (1) ( i i  )
5 0 .0
(3 7 .5 ) 9 . 3 ,(1 4 . 6 )
0 .075(0 . 0 4 8 ) 3 . 7 2 5 ,(1 .7 8 1 )
c h o l in e 5 46 6 .9 2 2 .1 0 .0 3 2 0 .2 1 6
c h o l in e a 52 3 0 .5 1 8 .6 0 .0 3 7 1 .1 3 8
c h o l in e 6 53 7 5 .0 35 .0 0 .0 2 0 1 .4 8 5
K B 170 ( i )( i i ) 1 0 .9(8 .6 ) 5. 4 ,(7 .8 )
0 .1 2 8
(0 .0 8 9 )
1 .3 9 8
(0 . 7 6 4 )
K /c h o l in e 4 65 ( i )  ( i i  ) ,5 * 7 .( 5 '2 ) 1 0 .5(1 2 . 9 )
0 i066
(0 . 0 5 4 )
0 .3 7 6
(0 . 2 7 9 )
c h o l in e 4 43 5 .3 1 3 .0 0 .0 5 3 0 .2 8 2
K 12 203 ( i  ) ( i i  )
8 .6( 5. 8 ) 8 .2(16 . 0 ) 0 .0 8 5(0 . 0 4 3 ) 0 .7 2 7(0 .2 5 1 )
K /c h o l in e 10 182 ( i )  ( i i  )
8 .1
( 6 .9 )
1 0 .1(1 6 .2 ) 0 .0 6 9(0 . 0 4 3 ) 0 .5 5 7(0 . 2 9 5 )
K /c h o lin e 13 147 ( i )  ( i i  ) 7 .5( 6 .8 ) 1 2 .4(1 6 . 1 )
0 .0 5 6
(0 . 0 4 3 ) 0 .4 1 9(0 , 2 9 2 )
K 6 123 ( i ) ,  ( i i  )
4 .8
( 3 . 4 )
8 .1
(1 3 . 2 )
0 .0 8 6
(0 . 0 5 3 ) 0 .4 1 1(0 . 1 7 6 )
c h o l in e 5 43 5 .5 2 2 .8 0 .0 3 0 0 .1 6 7
K 3 157 7 .4 7 .0 0 .0 9 9 0 .7 3 3
c h o l in e 6 60 3 .4 1 5 .4 0 .045 0 .1 5 1
K ( i )  ,( i i )
6 .1
(4 . 3 )
7 .6(1 6 . 2 ) 0 .0 9 1(0 .0 4 3 )
0 .5 5 6
(0 .1 8 4 )
c h o l in e 6 .5 2 2 .4 0 .0 3 1 0 .2 0 1
E f f e c t  o f  i n t r a c e l l u l a r  K on g ly c in e *  e f f l u x  from  
’ ly se d *  Xenopus c e l l s #
Table 13 (Continued)
C e l l s  ’ ly sed *  lOmin and r e c o n s t i t u t e d  lOmin w i th  
c h l o r i d e  io n  shown. g ly c in e  p r e s e n t  d u r in g
t r e a t m e n t ,  t o  g iv e  i n i t i a l  i n t r a c e l l u l a r  g ly c in e #  
l e v e l s  i n d i c a t e d .  B ra c k e ts  i n d i c a t e  v a lu e s  c a l c u l a t e d  
from  th e  second  component o f  e f f l u x ,  when p r e s e n t .
C e ll  number and volume n o t  a f f e c t e d  by t r e a t m e n t .
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NaCl o r  c h o l in e  Cl i n  one e x p e r im e n t .  E f f lu x  was 
i n c r e a s e d  in  c e l l s  w i th  a h ig h  i n t e r n a l  K b u t  w i t h i n  
6 t o  Ômin r e c o v e re d  t o  a v a lu e  more com parab le  w i th  
t h a t  o f  Na o r  c h o l in e  r e c o n s t i t u t e d  c e l l s .  W ith in  
6min th e  io n  c o n te n t s  o f  r e f i l l e d  c e l l s  app ro ach ed  
no rm al v a lu e s .
T ab le  13 g iv e s  th e  r e s u l t s  from  s e v e r a l  e x p e r im e n ts .
The b r a c k e t e d  v a lu e s  w ere  c a l c u l a t e d  from  t h e  second j 
s lo w e r  component o f  e f f l u x  from  'h ig h -K  rec o v e re d *  
c e l l s .  D i r e c t  c o r r e l a t i o n  o f  e f f l u x  w i th  i n t e r n a l  Kj 
f o r  a l l  d a t a ,  was n o t  p o s s i b l e  b e c a u se  o f  v a r i a t i o n s  
i n  i n i t i a l  i n t r a c e l l u l a r  g l y c i n e ^  w hich , i t s e l f ,  
a l t e r e d  t h e  e f f l u x  r a t e ;  n o r  was i t  p o s s i b l e  to  
c o r r e l a t e  g ly c in e  e f f l u x  w i th  i n i t i a l  i n t r a c e l l u l a r  
g l y c i n e ,  b e ca u se  o f  v a r i a t i o n s  i n  i n t r a c e l l u l a r  K.
I t  w as, however, a p p a r e n t  t h a t  a s  i n t r a c e l l u l a r  K was 
i n c r e a s e d ,  th e  e f f l u x  r a t e  o f  g ly c in e *  in c re a s e d *
A lthough  r e c o n s t i t u t i n g  w i th  K te n d e d  to  p ro d u ce  an 
i n c r e a s e d  i n i t i a l  i n t r a c e l l u l a r  g ly c in e * ,  t h i s  was n o t  
a lw ays t h e  c a s e ;  t h e  i n c r e a s e d  i n i t i a l  e f f l u x  r a t e  
c o u ld  n o t  be e x p la in e d  i n  te rm s  o f  t h i s  a d d i t i o n a l  
i n t r a c e l l u l a r  g ly c in e  *
I n s u f f i c i e n t  d a t a  was c o l l e c t e d  f o r  s e p a r a t e  k i n e t i c  
a n a ly s e s  o f  g lycine^ '' e f f l u x  from  *high-K reco v ered *  
and Na r e c o n s t i t u t e d  c e l l s .  When v a lu e s  w ere  added 
to  e f f l u x  v a lu e s  from  c h o l in e  r e c o n s t i t u t e d  c e l l s ,  
how ever, t h e  l i n e a r  c o r r e l a t i o n  o f  s / v  : s  was n o t  
s i g n i f i c a n t l y  d i f f e r e n t  from  t h a t  o b ta in e d  by 
a n a ly s in g  t h e  c h o l in e  d a t a  a lo n e  ( s lo p e ,  P >0*9» i n t e r c e p t ,  
P ^0* 5  ) and t h e  v a r i a n c e s  a b o u t  t h e  l i n e s  w ere  n o t  
s i g n i f i c a n t l y  d i f f e r e n t  ( P / 0 . 2 5 ) .  For c h o l i n e  
r e c o n s t i t u t e d  c e l l s ,  Vmax = 3.85m m ole/lICW .m in, Km «
Ô5•Ommole/lICW; f o r  c h o l in e  + o t h e r s ,  Vmax « 4*00 
m m o le / l l  {3/^ r ^Km = 04*0mmole/lICW.
Summary I t  a p p e a re d ,  t h e r e f o r e ,  t h a t  Xenopus c e l l s  
r e c o n s t i t u t e d  w i th  e i t h e r  Na o r  c h o l in e  had  e f f l u x  
r a t e s  w hich  w ere s i m i l a r  and d id  n o t  v a ry  w i th  
i n t r a c e l l u l a r  io n  c o n te n t s ,  ( n e i t h e r  Na n o r  K ).
Table 14
30 min 
p r e t r e a t m e n t t r e a tm e n t ATP (mM)
g ly c in e  i n f l u x  
(m m o le /n e w . min )
W&Q c o n t r o l 0 .7 1 0 .0 5 (5)
• l y s i s n i l 0 .7 3 + 0 .0 3 (4)
1 0 .6 9 + 0 .0 2 (5)
2 0 ,7 1 + 0 .0 4 (2)
4 0 .6 8 + 0 .0 1 (2)
6 0 .6 1 + 0 .0 4 (2)
DNP + lAA 'c o n t r o l 0 .7 0 0 .0 1 (2)
l y s i s n i l 0 .6 0 0 .0 5 (7)
1 0 .6 6 + 0 .0 7 (5)
2 0 .7 3 + 0 .0 1 (2)
4 0 .5 8 + 0 .0 5 (2)
6 0 .7 0 + 0 .0 5 (2)
E f f e c t  o f  DNP + lAA on g l y c i n e  i n f l u x  i n t o  norm al and 
ly s e d  Xenopus c e l l s .
C e l l s  in c u b a te d  a t  27*^C in  W&Q s a l t  s o l u t i o n  + / -  2 ,4  * 
d i  n i t r o p h e n o l  (DNP), 10™%, and i o d o - a c e t i c  a c id  
(lAA), 10™%. P l a t e s  t h e n  r i n s e d  and c e l l s  in c u b a te d  
f o r  a f u r t h e r  lOmin in  W&Q or l y s e d  (5min) and 
r e c o n s t i t u t e d  by a d d i t i o n  o f  KCl (5 m in ) .  ATP p r e s e n t  
i n  t h e  l y s i n g  s o l u t i o n  a t  t h e  c o n c e n t r a t i o n s  shown. 
G ly c in e  i n f l u x  m easu red  over $min from  2mM g ly c i n e * .  
A n a ly s i s  o f  v a r i a n c e  o r  T - t e s t  showed no s i g n i f i c a n t  
e f f e c t  o f  t r e a tm e n t  on c e l l  volume. DNP + lAA 
in c u b a t i o n  r e s u l t s  i n  a  s i g n i f i c a n t  l o s s  o f  c e l l s  
from  th e  p l a t e s  ( g e n e r a l l y  a b o u t  1 0 ^  o f  th e  c o n t r o l ) .  
D a ta  a r e  from 3 e x p e r im e n ts ,  t h e  number o f  r e a d in g s  
shown i n  b r a c k e t s .  Mean -  3E g iv e n .
Table 15
30 min 
p r e t r e a t m e n t t r e a tm e n t ATP (mM)
g l y c i n e  i n f l u x  
(m raole/l ICTW.min)
W&Q l y s i s 2 0 .8 7  -  0 .0 2  (3)
DNP + l y s i s n i l 0 .8 9  -  0 .0 4  (3)
io d o ­ 2 0 .8 7  -  0 .0 6  (3)a c e ta m id e
________ ..........
4 0 .9 6  i  0 .1 5  (3)
E f f e c t  o f  DNP + io d o a c e ta m id e  on g ly c in e  i n f l u x  i n t o  
*ly sed *  Xenopus c e l l s .
C e l l s  in c u b a te d  a t  27°C i n  W&Q s a l t  s o l u t i o n  + / -  DNP 
(10™%) + io d o a c e ta m id e  (2 x  10” % ) .  P l a t e s  r i n s e d  
and c e l l s  *ly se d *  (5min) and r e c o n s t i t u t e d  w i t h  KCl 
(5 m in ) .  ATP p r e s e n t  i n  t h e  l y s i n g  s o l u t i o n  a t  th e  
c o n c e n t r a t i o n s  shown. G ly c in e  i n f l u x  m easured  over 
5min from 2mM g l y c i n e * .  D N P/iodoacetam ide  cau sed  
a s i g n i f i c a n t  l o s s  o f  c e l l s  (ab o u t 40% o f  th e  c o n t r o l )  
b u t  ATP had  no e f f e c t  (p > 0 * 7 5 )*  C e l l  volume was 
u n a f f e c t e d  ( p > 0 . 4 ) *  Number o f  o b s e r v a t io n s  shown 
in  b r a c k e t s .  Mean -  SE g iv e n .
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When c e l l s  w ere  r e c o n s t i t u t e d  w i th  K, i n t r a c e l l u l a r  K 
was i n c r e a s e d  above th e  c o n t r o l  l e v e l  and f e l l  t o  
norm al w i t h in  6m in. T h is  was a s s o c i a t e d  w i th  an 
i n c r e a s e d  g ly c in e *  e f f l u x  which a l s o  r e c o v e r e d  w i th  
a b o u t  t h e  same t im e  c o u r s e .  The d i s c r e p a n c y  betw een 
m easured  i n i t i a l  e f f l u x  r a t e s  and t h o s e  e s t im a te d  
u s in g  th e  c a l c u l a t e d  k i n e t i c  p a ra m e te r s  was n o t  c o n s t a n t  
and was n o t  r e l a t e d  t o  i n t r a c e l l u l a r  K in  a  s im p le  
manner «
Gl y c i n e  u p ta k e  a f t e r  t r e a tm e n t  w i th  m e ta b o l ici n h i b i t o r s
Xenopus. c e l l s  T ab le  14 shows t h e  e f f e c t  o f  p r e ­
e q u i l i b r a t i o n  in  DNP (10” % )  and lAA (10™%) on th e  
s u b s e q u e n t  g ly c in e *  i n f l u x  i n t o  norm al and *ly sed *  
c e l l s .  T - t e s t  o f  t h e  r e s u l t s  showed t h a t  t h e r e  was 
no s i g n i f i c a n t  e f f e c t  o f  e i t h e r  m e ta b o l ic  i n h i b i t o r  
t r e a tm e n t  ( P > 0 . 9 ) j o r  * ly s i s *  e i t h e r  i n  c o n t r o l  c e l l s ,  
( P > 0 » 5 ) j  o r  i n  DNP + lAA t r e a t e d  c e l l s ,  ( P > 0 . 2 ) .
ATP p r e s e n t  d u r in g  * l y s i s *  had  no s i g n i f i c a n t  e f f e c t  
a t  any o f  th e  c o n c e n t r a t i o n s  u se d .
I t  was p o s s i b l e  t h a t  i o d o - a c e t i c  a c id  i n j u r e d  t h e  
membrane i n  some way, i n d i r e c t l y  c a u s in g  l o s s  o f  c e l l s ,  
so s i m i l a r  e x p e r im e n ts  w ere  c a r r i e d  o u t ,  r e p l a c i n g  lAA 
w i th  io d o a c e ta m id e  (2 x  lO '^ M ), The r e s u l t s  a r e  shown 
in  T ab le  1 5 « T - t e s t  showed no s i g n i f i c a n t  e f f e c t  o f  
D N P/iodoacetam ide  on g l y c i n e  u p ta k e ,  ( P > 0 .9 ) »  A n a ly s is  
o f  v a r i a n c e  showed no s i g n i f i c a n t  e f f e c t  o f  ATP p r e s e n t  
d u r in g  * l y s i s * ,  a f t e r  DNP t r e a t m e n t ,  ( P > 0 .7 5 ) *
T his  o c c u r r e d  d e s p i t e  an a l t e r e d  i n t e r n a l  i o n i c  
c o m p o s i t io n ,  1 h o u r  i n c u b a t i o n  w i th  DNP + lAA r e s u l t e d  
i n  an i n c r e a s e d  i n t e r n a l  Na c o n c e n t r a t i o n  ( c o n t r o l  =
9 -  2, DNP/lAA =5 17 -  3? P< 0 .0 5 )  and a d e c r e a s e d  
i n t e r n a l  K c o n c e n t r a t i o n ,  ( c o n t r o l  ~ I 48 -  5> DNP/lAA 
= 97 -  9, P< 0 .0 0 1 ) .
C e l l s  *ly sed *  and r e f i l l e d  w i th  Na a r e  a b le  t o  r e c o v e r  
a  norm al i n t e r n a l  Na when p la c e d  i n t o  a h ig h  Na medium, 
in d e p e n d e n t  o f  any DNP/lAA t r e a tm e n t  and t h e  c o n c e n t r a t i o n
Table l6





c o n t r o l c o n t r o l  (W&Q) 1 .5 4 3 .18
c o n t r o l o u a b a in  (10™^) 1 .6 4 4 .4 3
c o n t r o l c o n t r o l 0 .9 0 2 .7 1
o u a b a in(5xlO”% ) c o n t r o l 0 .9 9
2 .5 6
_
E f f e c t  o f  o u ab a in  on g l y c i n e  i n f l u x .  Xenopus
A f te r  g ro w th , p l a t e s  r in s e d  in  W&Q s a l t  s o l u t i o n  and 
g l y c i n e  i n f l u x  m easured  o ve r  5min ( a t  room 
t e m p e r a tu r e )  from  v a ry in g  c o n c e n t r a t i o n s  o f  e x t e r n a l  
g l y c i n e * .  S t r a i g h t  l i n e  c o r r e l a t i o n s  o f  t h e  d a t a  
w ere  o b ta in e d  u s in g  E ad ie  p l o t s  ( r e g r e s s i o n  a n a ly s e s  
0 .0 0 1 ) .  Ouabain a f f e c t e d  n e i t h e r  c e l l  numbers 
p e r  p l a t e  n o r  c e l l  volum e. ( T - t e s t ,  ? > 0 . 0 5 ) .
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o f  ATP, 80 t h a t  i t  was p o s s i b l e  t h a t  th e  c e l l s  
r e c o v e r e d  from  m e ta b o l i c  p o i s o n in g  w i th in  t h e  t im e  o f  
t h e  experim en t#  (The r e s u l t s  o f  Lamb and L in d sa y  
(1971)» s u g g e s t  t h a t  t h i s  i s  u n l ik e ly *  In  L - c e l l s *
ATP i n c o r p o r a t i o n  was n e c e s s a r y  f o r  a c t i v e  Ca e f f l u x  
to  o c c u r  a f t e r  DNP/IAA p o i s o n i n g ) .  To check t h i s j  
i n  norm al (n o n - ly s e d )  c e l l s ,  p l a t e s  w ere  p r e -  
e q u i l i b r a t e d  f o r  Jh  in  DNP ( 1 0 " % )  and (XO“''*'M) 
and  th e  u p ta k e  s u b s e q u e n t ly  m easured  i n  t h e  p r e s e n c e  
o f  t h e  i n h i b i t o r s .  In  Xenopus c e l l s ,  t h e  lOmin u p tak e  
was n o t  d i f f e r e n t  from  t h a t  i n to  c o n t r o l  c e l l s *  p r e ­
e q u i l i b r a t e d  i n  W&Q s a l t  s o l u t i o n .  In  HeLa c e l l s , 
n e i t h e r  5 n o r  15min g ly c in e *  c o n te n t s  w ere  s i g n i f i e ^  
a n t l y  d i f f e r e n t  from  t h e  c o n t r o l  v a lu e s ,  (by a n a l y s i s  
o f  v a r i a n c e ,  P>  0 . 1 ) .
E f f e c t  o f  o u a b a in  on g l v c i n e  u p tak e
1# Xenopus
E x te r n a l  o u ab a in  on g l y c i n e  i n f l u x  
K in e t i c  a n a l y s i s  o f  i n f l u x  o f  g ly c in e  i n t o  Xenopus 
c e l l s  m easured  i n  c o n t r o l  c o n d i t i o n s ,  or i n  t h e  
p re s e n c e  o f  o u a b a in  (10”% )  w i th o u t  p r e t r e a t m e n t ,  
o r  a f t e r  24h r  grow th  in  t h e  p re s e n c e  o f  o u ab a in  
(5 X 10*"%), a r e  shown i n  T ab le  16# T here  was no 
s i g n i f i c a n t  e f f e c t  o f  o u ab a in  t r e a tm e n t  on e i t h e r  
Vmax o r  th e  a p p a re n t  Km o f  i n f lu x *  Xenopus c e l l s  
have  a low s e n s i t i v i t y  to  o u ab a in  w i th  r e s p e c t  t o  
sodium  pump a c t i v i t y #  T h is  i s  s u p p o r te d  by t h e  
f a c t  t h a t  a f t e r  24h r  g ro w th  i n  medium c o n ta in i n g  
5 X 10*“%  o u a b a in ,  i n t e r n a l  Na and K c o n c e n t r a t i o n s  
w ere  n o t  s i g n i f i c a n t l y  d i f f e r e n t  from  c o n t r o l  
l e v e l s  (Na = 14 , K = 86 m m ole /l ICW)# I f  o u ab a in  
i s  c o n s id e r e d  t o  a c t  i n d i r e c t l y  v i a  a b lo c k  o f  t h e  
Na-K-pump, t h e n  t h i s  and th e  i n s e n s i t i v i t y  o f  
g ly c in e  i n f l u x  to  i n t r a c e l l u l a r  io n  l e v e l s  in  
Xenopus c e l l s  c o u ld  be  o f f e r e d  a s  an e x p la n a t io n  
o f  t h e  l a c k  o f  e f f e c t #
Table 1?
t r e a tm e n t o u a b a in  c o n c e n t r a t i o n  (M)
g ly c in e  i n f l u x  
(m m o le /n ew . min )
c o n t r o l n i l 0 .9 4  -  0 .0 3  (2 )
*ly sed * n i l 1 .0 4  -  0 .0 6  (2)
10-5 1 .2 8  ?  0 .1 5  (2 )
1 0 -4 1 .0 1  Î  0 .0 1  (2 )
10-3 1 .0 8  i  0 .0 3  (2)
E f f e c t  o f  * l y s i s *  i n  th e  p r e s e n c e  o f  o u a b a in  on 
g l y c i n e  i n f l u x  in  Xenopus c e l l s .
C e l l s  in c u b a te d  a t  2?°G f o r  lOmin i n  W&Q s a l t  
s o l u t i o n  o r  * ly se d * , i e .  5min l y s i s  + 5min 
r e c o n s t i t u t i o n  w i th  KCl. Ouabain was p r e s e n t  in  
t h e  l y s i n g  s o lu t io n  a t  c o n c e n t r a t i o n s  i n d i c a t e d .
G ly c in e  i n f l u x  was m easu red  o ve r 5min from  2mM 
g ly c in e *  i n  W&Q s a l t  s o l u t i o n .  Number o f  o b s e r v a t i o n s  
g iv en  i n  b r a c k e t s i  Mean -  SE shown. There  was no 
s i g n i f i c a n t  e f f e c t  o f  o u a b a in  on c e l l  volume o r  
number and no e f f e c t  on i n t e r n a l  Na o r  K concen­
t r a t i o n s ,  m easured  im m e d ia te ly  a f t e r  * l y s i s *  was 
c o m p le te .
40 60
time (min) 80
F i g . 1 7 .
C e l l s  e q u i l i b r a t e d  30min i n  W&Q s a l t  s o l u t i o n  and th e n  
in c u b a te d  a t  room t e m p e r a tu r e  i n  W&Q + / -  o u a b a in  (10™%) 
c o n ta in in g  O.lmM g ly c in e * ,  f o r  th e  t im e s  shown on t h e  
a b s c i s s a .  There  was no e f f e c t  on c e l l  number o r  vo lum e. 
P o in t s  a re  i n d i v i d u a l  r e a d i n g s .  L in e s  drawn by  e y e . 
c o n t r o l ;  ; w ith  ou abain?  P  «
Table 18
Growth e x p e r im e n ta lmedium
Vmax
(m m ole/l ICW.min)
Km
(mM)
c o n t r o l c o n t r o l  (K rebs) 1 5 .3 0 1 .5 8
c o n t r o l o u a b a in  (10™%) 1 4 .2 7 1 .7 2
' " "" ”
c o n t r o l c o n t r o l 9 .1 7 2 .5 8
o u a b a in  
(5 X 1 0 " % )
c o n t r o l 4 .2 5 2 .15
E f f e c t  o f o u ab a in  on g ly c in e  i n f l u x .  HeLa.
A f te r  g row th , p l a t e s  r i n s e d  in  Krebs and g ly c in e *  
i n f l u x  m easured  over 5min ( a t  37^0) from v a ry in g  
e x t e r n a l  g l y c i n e  c o n c e n t r a t i o n s .  Vmax and Km 
c a l c u l a t e d  from  t h e  d a ta  u s in g  E ad ie  p l o t s .  In  a l l  
c o r r e l a t i o n s ,  P <  0 .0 0 1 .  T here  was no s i g n i f i c a n t  
e f f e c t  o f  o u a b a in  on e i t h e r  c e l l  volume o r  number 
d u r in g  a c u te  t r e a t m e n t ,  o r  c e l l  volume i n  t h e  
g row th  e x p e r im e n t .  24h r  g row th  in  ou ab a in  r e s u l t e d  
in  a s i g n i f i c a n t  l o s s  o f  c e l l s  (P < 0 . 0 0 1 ) ,  t o  88% 
o f  th e  c o n t r o l .  N e i th e r  Vmax or t h e  a p p a re n t  Km 
w ere s i g n i f i c a n t l y  a l t e r e d  by a c u te  t r e a tm e n t  w i th  
o u a b a in .  Growth in  o u a b a in  r e s u l t e d  in  a d e c re a s e d  
Vmax (P <  0 .0 0 1 )  w i th  no s i g n i f i c a n t  change i n  th e  
a p p a re n t  Km o f  i n f l u x .
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I n t e r n a l  o u a b a in  on g l v c i n e  i n f l u x  
T ab le  17 shows t h a t  * l y s i s *  had  no s i g n i f i c a n t  
e f f e c t  on g l y c i n e  i n f l u x  m easured  im m e d ia te ly  
a f t e r  r e c o n s t i t u t i o n  was co m p le te ,  ( T - t e s t ,  P > 0 i 2 ) .  
A n a ly s is  o f  v a r i a n c e  showed t h a t  t h e r e  was no 
s i g n i f i c a n t  e f f e c t  o f  o u a b a in  p r e s e n t  d u r in g  
* l y s i s * ,  ( P > 0 * 1 ) .  A lth o u g h , a t  p r e s e n t ,  t h e r e  
i s  no d i r e c t  e v id e n c e  t h a t  o u ab a in  (MW ~ 728) 
e n t e r s  t h e  c e l l  d u r in g  *l y s i s * ,  s t u d i e s  o f  t h e  
b in d in g  o f  r a d i o a e t i v e l y  l a b e l l e d  o u a b a in  d u r in g  
* l y s i s *  s u g g e s t  t h a t  t h e r e  i s  l a b e l l i n g  a d d i t i o n a l  
t o  t h a t  bound t o  th e  o u t e r  membrane o f  t h e  c e l l .  
(With an e x t e r n a l  o u a b a in  c o n c e n t r a t i o n  of 10™^M, 
th e  a d d i t i o n a l  u p ta k e  i s  a p p ro x im a te ly  2 x  10™^ 
m m ole/l IŒV) .  I f  t h i s  r e p r e s e n t s  i n t e r n a l  o u a b a in ,  
th e n  t h e  r e s u l t s  s u g g e s t  t h a t  t h e r e  i s  no d i r e c t  
e f f e c t  o f  i n t e r n a l  o u a b a in  on t h e  g l y c i n e  i n f l u x  
i n t o  Xenopus c e l l s .
E x te r n a l  o u a b a in  on g l v c i n e  a c c u m u la t io n  
A lthough  th e  i n f l u x  was n o t  im m e d ia te ly  a f f e c t e d  
by t h e  p r e s e n c e  o f  o u a b a in ,  F ig .  17 shows t h a t  
th e  c a p a c i ty  o f  th e  c e l l s  to  acc u m u la te  t h e  amino 
a c i d  became l e s s .  A f t e r  90min i n c u b a t i o n  w i th  
1 0 ~ %  o u a b a in ,  t h e  g l y c i n e *  c o n te n t  was o n ly  38% 
o f  th e  c o n t r o l  v a l u e .
A s i m i l a r  r e s u l t  was o b t a in e d  i n  an a d d i t i o n a l  
e x p e r im e n t .  30min i n c u b a t i o n  w i th  10”^M o u a b a in  
r e s u l t e d  i n  a g l y c i n e *  c o n te n t  o f  1 .1 0 ,  compared 
w i th  a c o n t r o l  v a lu e  o f  1 .6 0  m m ole/l ICW. T his 
was a s s o c i a t e d  w i th  an  i n c r e a s e  i n  i n t e r n a l  Na+
( c o n t r o l  = 9» o u a b a in  t r e a t e d  = 2 2 ) and a 
d e c r e a s e  i n  i n t e r n a l  K**" ( c o n t r o l  -• 143> o u ab a in  
t r e a t e d  = 122, w here  c o n te n t s  a r e  e x p re s s e d  a s  
m m ole/l ICW.)
2 .  H^La
E x te r n a l  o u a b a in  on g l v c i n e  i n f l u x
T ab le  18 shows t h a t  t h e r e  was no im m edia te  e f f e c t
— 5Îo f  10 "^ M o u a b a in  on t h e  k i n e t i c  p a ra m e te r s  o f  
g ly c in e  i n f l u x  i n t o  HeLa c e l l s .
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When c e l l s  w ere  grown i n  B.M.E. c o n ta in in g  
o u a b a in  ( a t  a lo w e r  c o n c e n t r a t i o n  o f  5 x  10 % ,  
t o  re d u c e  c e l l  d e a th )  t h e r e  w as, however* a 
s i g n i f i c a n t l y  re d u c e d  5min g ly c in e *  i n f l u x .  T h is  
was c h a r a c t e r i s e d  by a re d u c e d  Vmax w i th  no change 
i n  t h e  a p p a r e n t  Km. T here  was an  a s s o c i a t e d  
i n c r e a s e d  i n t e r n a l  Na’*' c o n c e n t r a t i o n  ( c o n t r o l  = 21, 
o u a b a in  t r e a t e d  = 78mraole/lICW) and  a r e d u c t io n  
in  i n t e r n a l  K"^ , ( c o n t r o l  = 128, o u ab a in  t r e a t e d  
= 76m m ole/l ICW).
T h is  r e d u c t io n  i n  t r a n s p o r t  was a l s o  a p p a r e n t  when 
i n f l u x  (from  v a ry in g  e x t e r n a l  g ly c in e  c o n c e n t ­
r a t i o n s )  was m easu red  i n  K rebs w i th  a  Na c o n te n t  
o f  1.6mM, com pared w i th  t h e  c o n t r o l  o f  127mM. 
(C h o lin e  r e p l a c e d  Na i n  an i s o - m o la r  m a n n e r) .  
L in e a r  c o r r e l a t i o n s  o f  i n f l u x  : c o n c e n t r a t i o n  
w ere o b ta in e d  and t h e  s l o p e s  c a l c u l a t e d  a s  0 .2 7  
f o r  c o n t r o l  and 0 .1 0  f o r  o u a b a i n - t r e a t e d  c e l l s .
I f  u p ta k e  a t  low e x t e r n a l  Na i s  s t i l l  c a r r i e r  
m e d ia te d ,  th e n  t h i s  would i n d i c a t e  a  change in  
c a r r i e r  a c t i v i t y  r a t h e r  t h a n  an i n c r e a s e d  f l u x  
due to  a changed Na i n f l u x .
E x te r n a l  o u a b a in  on g l v c i n e  a c c u m u la t io n  
O uabain , a l th o u g h  h a v in g  no d i r e c t  e f f e c t  on 
i n f l u x ,  cau sed  a  d e c r e a s e  i n  t h e  a b i l i t y  o f  HeLa 
c e l l s  to  a cc u m u la te  g l y c i n e * .  (A r e s u l t  
p r e v i o u s l y  fou nd  i n  Xenopus c e l l s ) .  A f te r  60min 
i n c u b a t i o n  i n  K rebs c o n ta in in g  10™% g ly c in e * ,  
i n t r a c e l l u l a r  g ly c in e  c o n te n t  ( in  one e x p e r im e n t)  
was found  to  be 0 .9 1 m m o le /l  ICW i n  c o n t r o l  c e l l s  
b u t  o n ly  0 .5 4 m m o le /l  ICW in  c e l l s  i n c u b a te d  i n  
th e  p re s e n c e  o f  10™% o u a b a in .
* C o n d it io n in g *  e f f e c t
When g row th  medium was changed to  * f r e s h *  medium, 
t h e r e  was a 40-50% r e d u c t i o n  in  e x p e r im e n ta l ly  
m easu red  g ly c in e *  i n f l u x  i n  b o th  HeLa and Xenopus 









0 20 time (hr)
F i g . i a
C e l l s  grown n o rm a l ly  f o r  3 d a y s .  At t im e  z e r o ,  medium 
changed  to  f r e s h  W&Q o r  BoM.Eo G ly c in e #  i n f l u x  m easured  
a t  t h e  t im e s  showai on t h e  a b s c i s s a  from  2mM e x t e r n a l  
g ly c in e # ?  i n  Vl&Q s a l t  s o l u t i o n ,  o r  Krebs? (3min a t  26 
o r  37^C). V alues a r e  s i n g l e  o b s e r v a t i o n s .  L in e s  





growth serum  (%)
15 20
Fige 1 9 ,
C e l l s  grown in  medium su p p le m e n te d  w ith  f o e t a l  b o v in e  serum  a t  th e  c o n c e n t r a t i o n s  shown on t h e  a b s c i s s a *  G ly c in e  c o n te n t  was m easu red  a f t e r  90min i n c u b â t io n  a t  room te m p e r a tu re  in  W&Q s a l t  s o l u t i o n  (1% serum )
2mM g ly c in e * »  A n a ly s i s  o f  v a r i a n c e  showed a s i g n i f i c a n t  i n c r e a s e  i n  t h e  a b i l i t y  o f  th e  c e l l s  t o  acc u m u la te  g ly c in e  as  t h e  c o n c e n t r a t i o n  o f  serum  in  t h e i r  growth medium was i n c r e a s e d ,  (P<(0o001)*S i m i la r  r e s u l t s  w ere  o b t a i n e d  in  1 f u r t h e r  ex p e r im en t*  C e l l  number was s i g n i f i c a n t l y  g r e a t e r  i n  h ig h - s e ru m  grown c e l l s  (up to  17%)* C e l l  volume v a r i e d  w i th  serum  c o n c e n t r a t i o n ;  was g r e a t e s t  a t  $-10%, w i th  a b o u t  e q u a l  volume in  1 and 20% serum  (SS was ± 3% o f  t h e  mean volum e)* T here  was no c o n s i s t e n t l y  s i g n i f i c a n t  e f f e c t  on i n t r a c e l l u l a r  Na o r  K. Each p o i n t  i s  an i n d i v i d u a l  r e a d i n g .  L in e  drawn by eye*
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had  p r e v i o u s ly  s u p p o r te d  c e l l  g row th ; i e .
? c o n d it io n e d *  medium.
The * c o n d i t i o n in g  e f f e c t *  o c c u r r e d  in  b o th  no rm al and 
' ly s e d *  c e l l s ,  g . own i n  norm al and lo w -g lu ta m in e  medium. 
I t  a p p e a re d  t h a t  t h e  r e d u c t i o n  was in d e p e n d e n t  o f  t h e  
c o m p o s it io n  o f  ' f r e s h *  medium in  t h a t  t h e r e  was no 
im m edia te  e f f e c t  o f  low-Na, low amino a c id  c o n c e n t r a t i o n ,  
v a r i a t i o n  in  serum  c o n c e n t r a t i o n ,  (from 1 t o  20%), o r  
a d d i t i o n  o f  c y c lo h e x im id e .
T y p ic a l  r e s u l t s  from  Xenopus and HeLa a r e  shown in  
F i g s «Id a? b .  The mean h a l f - t i m e  o f  l o s s  o f  u p ta k e  
a c t i v i t y  was 5*4 -  0 »5 h r  (from  4 e x p e r im e n ts ,  2 w i th  
each  c e l l  t y p e ) .  A c t i v i t y  was r e c o v e re d  by 3 6 h r .
K i n e t i c  a n a l y s i s  o f  i n f l u x ,  2h r  a f t e r  grow th  medium 
was r e p l a c e d  by ' f r e s h *  BME, showed t h a t ,  i n  HeLa, 
t h e  d e c r e a s e d  i n f l u x  was a s s o c i a t e d  w i th  a  re d u c e d  
Vmax, ( P f  0o001)« from  2 0 .8  to  9*4 m m ole /l ICW.min.
T here  was no change i n  t h e  a p p a r e n t  Km; c o n t r o l  =
OoddmM, a f t e r  medium change = 0.9dmM. (R e s u l t s  
c a l c u l a t e d  from l i n e a r  c o r r e l a t i o n s  o f  s / v  : s  p l o t s  
o f  i n f l u x  (v) and e x t e r n a l  g ly c in e *  c o n c e n t r a t i o n  
( s  ) ) *
Xenopus c e l l s  o b se rv e d  d u r in g  a medium change, u s in g  
Nom arski i n t e r f e r e n c e  m ic ro sc o p y , showed no a p p a re n t  
a l t e r a t i o n  i n  sh ap e  o r  s i z e ,  up to  6min a f t e r  th e  change .
3.erum._effec t s  o n _ g ly c in e  u p ta k e
Xm opus
P r e l im in a r y  e x p e r im e n ts  showed t h a t  when c e l l s  were 
grown f o r  4 days in  medium c o n ta in in g  h ig h  c o n c e n t­
r a t i o n s  o f  serum , th e y  had  a g r e a t e r  a b i l i t y  t o  
t r a n s p o r t  g ly c in e *  T h is  was a p p a r e n t  i n  b o th  i n f l u x  
and a c c u m u la t io n  m easurem ents  and was ro u g h ly  
p r o p o r t i o n a l  t o  th e  c o n c e n t r a t i o n  o f  serum . F ig  19 
shows a c c u m u la t io n  v a l u e s .  Uptake was c a r r i e d  ou t  i n  
1% serum  in  o rd e r  to  m in im ise  t h e  c o m p e t i to ry  e f f e c t s  
o f  serum amino a c id s ?  (K uch le r  & M arlow e-K uch ler , 1 9 6 $ ) .
Table 19
E xperim en t
number
% serum 
d u r in g  g row th
Vmax
(m m ole/l ICW.min)
Km
(mM)
1 0 .5 0 .4 7 2 .9 1
10 0 .7 4 2 .8 6
20 1 .0 3 2 .0 3
2 1 0 .6 3 2 .20
20 1 .2 0 2.28
3 1 0 .3 6 3*66
20 1 .4 7 3h33
E f f e c t  o f  serum  c o n c e n t r a t i o n  d u r in g  g row th  on k i n e t i c  
c o n s t a n t s  o f  g l y c i n e  i n f l u x .
C e l l s  exposed  f o r  $min ( a t  room t e m p e r a t u r e )  t o  v a r i o u s  
g l y c i n e  c o n c e n t r a t i o n s .  D ata  gave  l i n e a r  c o r r e l a t i o n s  
(P <  0 .0 0 1 )  f o r  s / v  : s  p l o t s .  C e ll  number p e r  p l a t e  
was i n c r e a s e d  a t  h i g h e r  serum  c o n c e n t r a t i o n s  and 






0 ■ 2 3 4[glycine3g (mM)
F ig  e20 fr
i n  h ig h  s e r um c o n c e n t r a t i o n s .  D a ta  from  $min f l u x e s  a t  e x t e r n a l  c o n c e n t r a t i o n s  o f  g l y c i n e *  shown on t h e  a b s c i s s a , a n d  a n a l y s i s  g iv en  i n  T a b le  (exp tc  l ) o  C e l l s  grown f o r  4 days  in  m ed ia  su p p le m e n te d  w i th  0*5% ( o ) ,  10% (ta) o r  20% {a ) f o e t a l  b o v in e  serum . P o i n t s  r e p r e s e n t  s i n g l e  o b s e r v a t i o n s .  L in e s  drawn to  f i t  M ic h a e lis -M e n to n  e q u a t i o n .u s i n g  c a l c u l a t e d  k i n e t i c  c o n s t a n t s .
I n c r e a s e d  i n f l u x  was s t i l l  s i g n i f i c a n t  when $min 
u p ta k e s  w ere  m easured  in  low-Na m edia , ( P < 0*001 )•
T h is  i n d i c a t e d  t h a t  th e  e f f e c t  was n o t  s im p ly  due  t o  
an i n c r e a s e  i n  Na p e r m e a b i l i t y  b u t  was a r e s u l t  o f  some 
m o d i f i c a t i o n  o f  g l y c i n e  c a r r i e r  a c t i v i t y .
T able  19  shows t h e  r e s u l t s  o f  k i n e t i c  a n a l y s e s  o f  
g ly c in e *  i n f l u x  i n t o  c e l l s  grown i n  v a r i o u s  serum 
c o n c e n t r a t i o n s .  D ata  w ere  a n a ly s e d  u s in g  s / v  ; s  p l o t s ,  
i n  w hich  t h e  s l o p e s  (l/V m ax) w ere  s i g n i f i c a n t l y  
d i f f e r e n t  (P< 0 .0 1  or P <  0 .0 0 1 ) .  U sing  v ; v / s  p l o t s ,  
t h e  i n t e r c e p t s  (Vmax) w ere  s i g n i f i c a n t l y  d i f f e r e n t  b u t  
i n  no e x p e r im e n t  was Km ( - s l o p e )  s i g n i f i c a n t l y  
a l t e r e d ,  ( P > 0 . 5  o r  P > 0 . 2 ) .  T h is  s u g g e s te d  an 
i n c r e a s e  i n  c a r r i e r  number o r  m o b i l i t y  w i th o u t  an 
a l t e r a t i o n  i n  t h e  a f f i n i t y  o f  t h e  c a r r i e r  f o r  amino 
a c i d .  F i g .  20 i l l u s t r a t e s  t h e  e f f e c t  seen  i n  T ab le  19*
As e v id e n c e  e x i s t s  t h a t  g row ing  c e l l s  p ro d u ce  
i n h i b i t o r s  o f  t r a n s p o r t  whose e f f e c t s  a r e  c o u n te r a c te d  
by serum , (se e  i n t r o d u c t i o n ) ,  i t  was o f  i n t e r e s t  to  
s tu d y  t h e  t im e  c o u rs e  o f  developm ent o f  t h e  o b se rv e d  
serum dep en d en ce . I f  g l y c i n e  u p ta k e  was m easured  from  
W&Q medium, i n s t e a d  o f  W&Q s a l t  s o l u t i o n ,  t h e r e  was 
no im m edia te  e f f e c t  o f  medium serum c o n c e n t r a t i o n  
e i t h e r  on i n f l u x  o r  90min c o n te n t ,  ( P > 0 .5 ,  by 
a n a l y s i s  o f  v a r ia n c e ) *  In  t h i s  i n s t a n c e  th e  com peting  
amino a c i d s  i n  t h e  medium w ere  u sed  t o  swamp t h e  
serum  amino a c i d  e f f e c t .  The a p p e a ra n c e  o f  t h e  e f f e c t  
was s lo w . In  3 o u t  o f  4 e x p e r im e n ts ,  t h e r e  was no 
s i g n i f i c a n t  d i f f e r e n c e  i n  c e l l s  grown f o r  24hr i n  1 
to  20% serum . The s t i m u l a t o r y  e f f e c t  o f  serum was 
a p p a re n t  a f t e r  4^h r  and was f u l l y  d e v e lo p ed  i n  4 d a y s .  
C e l l s  grown f o r  4 d ay s  in  1 o r  20% serum r e t a i n e d  
t h e i r  d i f f e r e n t  t r a n s p o r t  p r o p e r t i e s  24h r  a f t e r  t h e  
medium was changed back  t o  10%. Both a p p e a ra n c e  and 
d i s a p p e a r a n c e  t im e s  w ere  t h e r e f o r e  l o n g e r  th a n  t h e  
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serum
C ellfo iI l s  grown f o r  3 d a y s  i n  medium + 10%,se ru m ,a n d  r  48h r  in  e i t h e r  1 (open b a r s )  or 20% serum
(! S 0 . 0 2 ) .  C yc lohex im ide  p r e v e n te d  c e l l  d i v i s i o n ,  and cau se d  some c e l l  d e a t h ,  ( f l o a t i n g  c e l l s ) .  C e l l  
volume was re d u c e d  by c y c lo h e x im id e ,  (by 10$ i n  a l l  serum  c o n d i t i o n s ) .  G ly c in e  i n f l u x  was s i g n i f i c a n t l y  i n c r e a s e d  in  h ig h  serum  c e l l s ,  (PxrO .O l)^  and m ark e d ly  r e d u c e d  by c y c lo h e x im id e  t r e a tm e n t*  V a lu e s  a r e  means of 2 r e a d in g s  1 S# b a r s .
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growth [glutam ine] (mM)
F i g . 22»
g},y  c i  n e :^ in  f  1 u x , Xen op iia
C e l l s  g.rown f o r  3 days  i n  W&Q medium c o n ta in i n g  t h e  
c o n c e n t r a t i o n s  o f  g lu ta m in e  shown on th e  a b s c i s s a »  
G ly c in e *  i n f l u x  s u b s e q u e n t ly  m easured  o v e r  5min 
( a t  26^C) from 2mI4 glycine'''^ in  W&Q- s a l t  s o l u t io n *  
C e l l  volume n o t  a f f e c t e d  by t r e a tm e n t»  P o i n t s  a r e  
means o f  3 r e a d in g s  i  S.E» b a r s .  L in e  drawn, by e y e .
5 9
(At t h i s  s t a g e ,  t im e  c o u rs e  s t u d i e s  w ere  c o m p l ic a te d  
by a su pe rim posed  l o s s  o f  t r a n s p o r t  a c t i v i t y  when 
g row th  medium was changed  to  f r e s h  medium; see  
* c o n d i t i o n in g  e f f e c t * ) .
F i g ,  21 shows t h e  e f f e c t  o f  ad d in g  c y c lo h ex im id e  to  
g row th  medium on c e l l  number and g l y c i n e  i n f l u x .  The 
r e s u l t s  show t h a t  p r o t e i n  s y n t h e s i s  was n e c e s s a r y  f o r  
c e l l  s u r v i v a l ,  f o r  m a in ten a n ce  o f  norm al g l y c i n e  
t r a n s p o r t  f u n c t i o n  a n d  f o r  t h e  s t i m u l a t o r y  e f f e c t  o f  
serum  to  o c c u r ;  t h a t  i s ,  f o r  t h e  a c q u i s i t i o n  o f  
a d d i t i o n a l  t r a n s p o r t  c a p a c i t y .
HeLa
HeLa c e l l s  w ere a b l e ,  a f t e r  grow th  in  m ed ia  c o n ta in in g  
v a r y in g  c o n c e n t r a t i o n s  o f  c a l f  serum , t o  m odify  t h e i r  
g l y c i n e  u p ta k e  sy s tem  i n  a manner q u a l i t a t i v e l y  
s i m i l a r  to  t h a t  found  i n  Xenopus c e l l s .  D e t a i l e d  
e x p e r im e n ts  were n o t  c a r r i e d  o u t .
E f f e c t  o f  g ro w th  in  v a ry in g  amino a c id  
c o n c e n t r a t i o n s
The c o n c e n t r a t i o n  o f  amino a c i d s  i n  W&Q grow th  medium 
i s  a b o u t  3mM (se e  T ab le  2 ) .  Of t h i s ,  A -m ed ia ted  amino 
a c i d s  make up 2itiM, o f  w hich  1.2mM i s  g lu ta m in e .  In  
most e x p e r im e n ts ,  t h e  e x t e r n a l  amino a c i d  c o n c e n t r a t i o n  
d u r in g  grow th was v a r i e d  by s im p ly  a d d in g  d i f f e r e n t  
c o n c e n t r a t i o n s  o f  g lu ta m in e .  F i g .  22 shows t h a t  a  
d e c r e a s e  i n  e x t e r n a l  g lu ta m in e  d u r in g  grow th r e s u l t e d  
in  an i n c r e a s e  i n  t h e  u p ta k e  c a p a c i ty  o f  Xenopus 
c e l l s  (by a n a l y s i s  o f  v a r i a n c e ,  P < 0 . 0 0 1 ) .  C o n v e rse ly ,  
t h e  p r e s e n c e  o f  g lu ta m in e  d u r in g  g ro w th  s u p p r e s s e d  
(o r  r e p r e s s e d )  th e  e x p e r im e n ta l  u p ta k e  o f  g l y c i n e .  
D oubling  th e  norm al grow th  c o n c e n t r a t i o n ,  how ever, 
had  no f u r t h e r  s u p p r e s s iv e  e f f e c t .  HeLa c e l l s  
showed q u a l i t a t i v e l y  s i m i l a r  r e s u l t s ,  (Hume & Lamb 
1974)* G ly c in e  i n f l u x  was re d u c e d  e q u a l ly  by  g row th  
i n  g lu ta m in e  o r  a m ix tu r e  o f  th e  e s s e n t i a l  amino 







control. — Q leucine
F i g » 2 3 »
g l u t amine, .ex fq,ct,, Xen,,opu3 ,
C e l l s  grown f o r  4  d ays  i n  normal  medium (l»2mM 
g l u t a m i n e ) ,  medium minus g l u t a m in e ,  -» g l u t a m in e /4  
AIB, -  g l u t a m in e / ' f  L ^ l e u c i n e ,  G ly c in e  i n f l u x  
m easu red  o v e r  5min from 2n# g l y c i n e * ,  (2 6 °C ), C e l l  
volume 2% s m a l l e r  i n  *- g l u t a m i n e  grown* c e l l s »  
V a lues  a r e  means o f  3 r e a d i n g s  1 SE b a rs *
H 0.5
hoursdayshours
F i g . 24 .
C e l l s  grown f o r  3 days  4 / -  g lu ta m in e  and growth-m edium  
c o l l e c t e d  and r e d i s t r i b u t e d  a t  t im e  z e r o .  Base l i n e s  
o f  norm al and low  g lu ta m in e  c e l l s  d i d  n o t  a l t e r  
s i g n i f i c a n t l y  o ve r  t h e  lO h r  (by  a n a l y s i s  o f  v a r i a n c e ,  
P> 0 .1 ,  P> 0*73% r e s p e c t i v e l y ) ,  Shaded a r e a  a lo n g  
a b s c i s s a  i n d i c a t e s  norm al medium. P o i n t s  a re  means o f  
2 r e a d i n g s  Î  SB b a r s .  L in e s  drawn by eye«
6 0
To t e s t  w h e th e r  t h e  s u p p r e s s iv e  e f f e c t  o f  g row th  amino 
a c i d  c o n c e n t r a t i o n  on amino a c i d  u p ta k e  was c o n f in e d  
to  t h o s e  amino a c i d s  which w ere  t r a n s p o r t e d  by  th e  
same sy s tem  a s  t h e  e x p e r im e n ta l  amino a c i d  ( g l y c i n e ) ,  
g lu ta m in e  in  W&Q was r e p l a c e d  by o t h e r  amino a c i d s .
F ig .  23 shows t h e  r e s u l t s  o f  iso m o la r  re p la c e m e n t  o f  
g lu ta m in e  w i th  t h e  A -m ed ia ted  amino a c i d  a n a lo g u e  
AIB, and th e  L -m e d ia te d  amino a c i d ,  L - l e u c i n e i  AIB 
was a b le  t o  mimic g lu ta m in e ,  so  t h a t  g l y c i n e  i n f l u x  
was n o t  s i g n i f i c a n t l y  d i f f e r e n t  in  c e l l s  grown in  
medium w i th  1.2mM g lu ta m in e  or 1.2mM AIB, (by T - t e s t ,  
P > 0 . 5 ) ,  T h is  r e s u l t  was found i n  2 f u r t h e r  
e x p e r im e n ts  w i th  Xenopus and i n  1 e x p e r im e n t  u s in g  
HeLa c e l l s *  I n f l u x  v a lu e s  i n  ’ lo w -g lu tam in e*  and 
* lo w -g lu ta m in e /+  le u c in e *  c e l l s  w ere  i n c r e a s e d  above 
t h a t  i n  c o n t r o l  c e l l s  (P <  0 .0 0 1 ,  P < 0 . 0 5 ,  r e s p e c t i v e l y )  
and were n o t  s i g n i f i c a n t l y  d i f f e r e n t ,  ( P > 0 . 5 ) *  Thus 
A -m ed ia ted  amino a c i d  u p ta k e  co u ld  be s u p p r e s s e d  by 
th e  p r e s e n c e  o f  A -m ed ia ted  amino a c id s  d u r in g  g row th  
b u t  n o t  by L -m e d ia te d .
The t im e  c o u rs e  o f  t h e  m o d i f i c a t i o n  o f  t r a n s p o r t  was 
s t u d i e d .  When a change o f  medium was n e c e s s a r y ,  medium 
w hich  had  p r e v i o u s l y  s u p p o r t e d  c e l l  g row th  was u sed  i n  
p r e f e r e n c e  to  f r e s h  medium i n  o r d e r  to  av o id  th e  
’ c o n d i t i o n in g  e f f e c t * .  F i g .  24 shows t h e  t im e  c o u rs e s  
o f  developm ent and l o s s  o f  a d d i t i o n a l  u p ta k e  a c t i v i t y  
i n  Xenopus c e l l s .  I n c r e a s e d  i n f l u x  o c c u r r e d  a f t e r  a 
v a r i a b l e  t im e  l a g  t o  a p l a t e a u  a t  ab o u t  lO h r .  There  
was no f u r t h e r  i n c r e a s e  up to  4 d a y s .  I n c r e a s e d  
u p ta k e  c a p a c i ty  d e c r e a s e d  w i th  a h a l f - t i m e  o f  ab ou t 
3 j h r ,  when c e l l s  w ere  r e t u r n e d  from  a lo w -g lu ta m in e  
t o  norm al medium u n t i l ,  a t  lO h r  th e  u p ta k e  was a g a in  
a t  t h e  c o n t r o l  l e v e l .  In  a f u r t h e r  e x p e r im e n t  th e  
h a l f - t i m e  o f  decay o f  th e  a d d i t i o n a l  u p ta k e  c a p a c i ty  
was 2 h r .
The r e s u l t s  s u g g e s te d  a m o d i f i c a t i o n  o f  t h e  t r a n s p o r t  
c a r r i e r  sy s te m . K i n e t i c  a n a l y s e s  o f  i n f l u x  i n t o  





ex ternc l glycinû concen tra tion  (mM.)
P i g . 25 .
C e l l s  grown 1 -days i n  no rm al W&Q medium (o )? o f  medium minus g lu ta m in e ,  (+ ) ,  G ly c in e *  i n f l u x  m easured  o v e r  5min (26^0) from  v a ry in g  e x t e r n a l  g l y c i n e  c o n c e n t r a t i o n s *  Each p o i n t  r e p r e s e n t s  an i n d i v i d u a l  r e a d i n g .  L in e s  dravm t o  f i t  t h e  Mi ch a  e l i s  «Ment en e q u a t i o n > w i th  k i n e t i c  
c o n s t a n t s  c a l c u l a t e d  from s / v  : s p l o t s  o f  t h e  d a t a  ( l i n e a r  c o r r e l a t i o n s  o f  P<[0 * 0 0 1 ) ,  Vmax, b u t  n o t  Km 













F i g , 26*
grown
C e i l s  grown 3 days  i n  no rm al  (o) o r  minus g l u t a m in e
(o) medium0 C e l l s  ^lysed*' and r e c o n s t i t u t e d  i n  t h e  
p resen ce  o f  15mM g ly c in e * .  During e f f l u x ,  r a d io a c t iv e  
e i i l u e n t s  were c o l l e c t e d  per 2min i n t e r v a l s  and r e s i d u a l  
g l y c i n e  c o n t e n t s  c a l c u l a t e d *  i n f l u x  m easu red  i n  t h e  
same group o f  c e l l s ,  from 2mM g ly c in e * *  No e f f e c t  o f  
growth or e x p e r i m e n t a l  t r e a t m e n t  on c e l l  number* C e l l  
volume d ecrea sed  by 9^ in  -g lu ta m in e  c e l l s *  P o in ts  
ai e ineans o i  3 r e a d i n g s  ? SKo L in e s  dpavrn by
r e g r e s s io n  a n a ly s i s  (with c o r r e l a t io n s  P < 0 . 0 0 1 ) .  T - t e s t  
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F i g . 27*
C e l l s  grown 3 days  i n  normal  ( 0 )  and  - g l u t a m i n e  ( O ) 
mediao G ly c in e  u p ta k e  m easured  f rom 2mM g l y c i n e *  ( a t  26^0) 
i n  W&Q s a l t  s o l u t i o n .  I n f l u x e s  w ere ;  c o n t r o l  -  Go53 it 
0 .0 1 ;  - g l u t a m i n e  -  0 .8 0  t  0 . 0 6  mmole/lICW.min* A n a l y s i s  
o f  v a r i a n c e  showed a s i g n i f i c a n t  i n t e r a c t i o n  o f  + / -  
g l u t a m in e  e f f e c t  w i th  time? ( P < 0 . 0 0 5 ) .  P o i n t s  a r e  means 
o f  2 r e a d i n g s  2 SE b a r s .  L in e s  drawn by eye*
6 1
c a u se d  a s i g n i f i c a n t  i n c r e a s e  i n  Vraax from  1 ,5 2  mmole/ 
l lC lf im in  i n  c e l l s  grown i n  n o rm al g lu ta m in e  medium to  
2*97 mraole/lICW,mln i n  c e l l s  grown minus g lu ta m in e >
(see  F ig .  2 5 ) .  Km was n o t  s i g n i f i c a n t l y  a l t e r e d  
( p > 0 . 5 j  from  s lo p e s  o f  v : v / s  p l o t s ) ,  -  3*70mM in  
c o n t r o l  c e l l s  and 3*42mM i n  lo w -g lu ta m in e  c e l l s .
HeLa c e l l s  gave more complex r e s u l t s *  In  2 e x p e r im e n ts ,  
i n  a d d i t i o n  to  i n c r e a s i n g  Vmax, lo w -g lu ta m in e  grow th  
cau sed  a d e c r e a s e  i n  t h e  a p p a r e n t  Km v a lu e ;  Vmax 
(mmole/lICW.min) i n c r e a s e d  from  5*73 t o  9*32 a f t e r  
g row th  i n  l o w - ^ u t a m i n e  i n  e x p t .  1 ,  and from  1 2 .8 7  t o  
1 7 ,0 9  in  e x p t .  2 .  Km (mM) d e c r e a s e d  from  3*43 to  
0 . 8 9  in  e x p t .  1 ,  and from  2 .3 9  to  1 .2 4  i n  e x p t .  2;
(from  s / v  ; s  p l o t s  o f  d a t a  o f  5min i n f l u x  (v) a t  
e x t e r n a l  g ly c in e  c o n c e n t r a t i o n s  ( s )  0 . 5 “ 5mM). Because 
o f  t h e  d i r e c t i o n s  o f  change, r e s u l t s  w ere  t a k e n  a s  
v a l i d  -  s e e  m ethod .
To i n v e s t i g a t e  w h e th e r  e f f l u x ,  a s  w e l l  a s  i n f l u x ,  
was a f f e c t e d ,  no rm al and lo w -g lu ta m in e  grown c e l l s  
w ere  l o a d e d  w i th  r a d i o a c t i v e  g l y c i n e  d u r in g  * l y s i s *
(so t h a t  i n i t i a l  i n t e r n a l  g ly c in e *  c o n c e n t r a t i o n s  
w ere  e q u a l )  and e f f l u x  r a t e s  c a l c u l a t e d  from  f r a c t i o n s  
l o s t  p e r  2min t im e  i n t e r v a l s  i n  * s i n g l e - p l a t e  e f f l u x e s * .  
F i g .  26 shows th e  r e s u l t  from 1 e x p e r im e n t .  A lthough  
i n f l u x  was i n c r e a s e d  from  O.6 9  ~ O.O6 to  1 .28  -  0 .1 9  
mmole/lICW .min, i n  t h e  same group o f  c e l l s ,  e f f l u x  
was n o t  s i g n i f i c a n t l y  a l t e r e d  a f t e r  lo w -g lu ta m in e  
g ro w th . There  was a  s l i g h t  e f f e c t ,  i n  t h a t  h a l f -  
t im e s  o f  e f f l u x  w ere  7min i n  c o n t r o l  c e l l s  and 
6min i n  lo w -g lu ta m in e  c e l ls . . .  I t  a p p e a re d ,  t h e r e f o r e ,  
t h a t  t h e  i n f l u x  b u t  n o t  e f f l u x  c a r r i e r  sy s te m  was 
m o d i f i e d .  The r e s u l t a n t  e f f e c t  i s  se en  i n  F i g . 27 
which  shows t h e  a c c u m u la t io n  v a lu e s  and r a t e s  o f  
e q u i l i b r a t i o n  o f  g l y c i n e *  i n  n o rm al and lo w -  
g lu ta m in e  c e l l s .  Both HeLa and X en opus c e l l s  grown 
i n  low  c o n c e n t r a t i o n  o f  amino a c i d  had g r e a t e r  





















P ig .2 8
im o m m
C e l l s  grown, f o r  3 d ay s  i n  no rm al  grow th medium* At t im e  
z e ro ,  medium changed t o  t h a t  i n d i c a t e d  a lo n g  t h e  a b s c i s s a -  
G ly c in e  i n f l u x  m easured  from 2mM g ly c in e ^  (26^G), i n  W&.Q 
sa l t ,  s o l u t i o n o  Values  a t  ? h r  a r e  g i v e n ^ a s  means o f  4 
r e a d i n g s  1 SE b a rs*  C e l l  number and  volume n o t  
s i g n i f i c a n t l y  a l t e r e d  w i t h i n  t h e  t im e  o f  t h e  e x p er im en to
I t  was o f  i n t e r e s t  to  d e te rm in e  how t h e  c e l l  was a b le  
to  d e t e c t  changes  i n  t h e  e x t e r n a l  amino a c i d  
c o n c e n t r a t i o n  and how th e  r e s u l t a n t  e f f e c t  was 
m e d ia te d .
The developm ent of t h e  s t i m u l a t i o n ,  o r  d e r e p r e s s i o n ,  
o f  u p ta k e  was, t h e r e f o r e ,  s t u d i e d  in  th e  p re s e n c e  o f  
th e  p r o t e i n  s y n t h e s i s  i n h i b i t o r s  c y c lo h ex im id e  ( a c t in g  
a t  t h e  r ib o s o m a l  l e v e l ,  t o  p r e v e n t  th e  t r a n s i — a t i o n  
o f  mRNA) o r  a c t in o m y c in  D (AMD), ( a c t i n g  t o  p r e v e n t  
t h e  t r a n s c r i p t i o n  o f  mRNA). F i g .  28 shows g ly c in e  
i n f l u x  m easu red  ? h r  a f t e r  medium was changed t o  c o n t r o l  
o r  minus g lu ta m in e  (open b a r s ) . .  The s t i p p l e d  b a r s  
show th e  e f f e c t  o f  c y c lo h e x im id e  ( 3 / ‘g /m l)  and AMD 
(2*5 // g /m l ) ; added  w i t h  t h e  change o f  medium* In  
c e l l s  grown i n  c o n t r o l  medium, c y c lo h ex im id e  c a u se d  a 
s i g n i f i c a n t  (20%) r e d u c t io n  i n  g l y c i n e  i n f l u x  
( P < 0 .0 1 ) *  ( . 1  1 f u r t h e r  e x p e r im e n t ,  6 h r  g row th
i n  medium 4- c y c lo h e x im id e  ( 1 5 / " g /m l ) ,  c a u se d  a  33% 
d e c r e a s e  i n  g ly c in e  i n f l u x ) .  No such e f f e c t  was 
o b se rv e d  w i th  /\MD, ( P > 0 . 9 ) .  A f t e r  grow th i n  * low - 
g lu tam ine*  medium, i n f l u x  was i n c r e a s e d ,  (P<  0 .0 0 1 ) .
AMD p r e v e n te d  th e  t r a n s p o r t  m o d i f i c a t io n  (w ith  
c o n t r o l ,  P > 0 .1 )  b u t  th e  b lo c k  was n o t  co m p le te  w i th  
c y c lo h e x im id e ,  (w ith  c o n t r o l ,  P < 0 . 0 5 ) .  In  t h e  same 
e x p e r im e n t ,  c e l l s  w ere  t r e a t e d  w i th  *lo w - g lu ta m in e */+ 
cy c lo h e x im id e  medium f o r  3 h r  and medium t h e n  changed 
to  wash o f f  t h e  c y c lo h e x im id e .  The c e l l s  p a r t i a l l y  
r e c o v e r e d  from  c y c lo h e x im id e  t r e a tm e n t  w i t h i n  8 h r .
C e l l s  r e p l a c e d  i n t o  norm al medium had  i n f l u x e s  e q u a l  
t o  th o s e  i n  c o n t r o l  c e l l s .  C e l l s  p l a c e d  i n t o  medium 
4 i'lMD, + / -  g lu ta m in e ,  had  u p ta k e s  eq u a l  t o  t h a t  i n  
c o n t r o l  c e l l s .
I n h i b i t o r  s t u d i e s ,  t h e r e f o r e ,  i n d i c a t e d  t h a t  t h e  
e f f e r e n t  pathw ay o f  c o n t r o l  was v i a  p r o t e i n  s y n t h e s i s .  
In  a d d i t i o n ,  c y c lo h e x im id e  cau se d  a r e d u c t io n  i n  
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F i g . 2 9 *
C e l l s  grown 3 days  in  norm al  medium. At t im e  zero? medium changed  t o  r / -  k à g o r  low -am ino a c i d  -r/-* Ma. Normal Na was lAOmM? ( h a t c h e d  b a r s ) ;  low-Na was 35“"40mMj (open b a r s ) .  C h o l in e  r e p l a c e d  Na. G ly c in e *  i n f l u x  m easu red  o v e r  5min (37°C) i n  no rm al  Krebs? g l y c i n e  2mM. C e l l  number and volume n o t  a f f e c t e d  by t r e a t m e n t  « A n a ly s is  o f  v a r i a n c e  o f  1 3 b r  v a l u e s  showed a s i g n i f i c a n t  i n c r e a s e  o f  i n f l u x  w i th  low -am ino a c i d  g row th  (F<I 0 ,0 0 1 )  and a s i g n i f i c a n t  d e c r e a s e  w i th  lo w - Na g row th  (P<  0 .0 1  )i w i th  no s i g n i f i c a n t  i n t e r a c t i o n  ( P>Ot . 5)» The d i f f e r e n c e  between mean i n f l u x e s  i n t on o rm al  and low-am ino a c i d  t r e a t e d  c e l l s  was n o t  s i g n i f i c a n t l y  d i f f e r e n t  f rom  t h e  d i f f e r e n c e  between 









0 control ' f "  -g ly c in e  
 glut g mi iie^ 10 h r  ,
F i g o30®
Medium changed t o  * c o n d i t io n e d *  - g lu ta m in e ,  a t  t im e  z e r o .  C e l l s  *lysed* ( h a t c h e d  b a r s )  in  t h e  p r e s e n c e  o r  a b se n c e  o f  20mM g l y c i n e ,  ab 2h r  i n t e r v a l s  th r o u g h ­o u t  t h e  e x p e r im e n t .  G ly c in e *  i n f l u x  s u b s e q u e n t ly  
m easured ,  (5min, 26^0, 2mM g l y c i n e *  i n  W&Q s a l t  s o l u t i o n . )  C o n t r o l  c e l l s  (open b a r s )  i n c u b a t e d  f o r  lOmin i n  VJ&Q b e f o r e  i n f l u x  m easurem ent .  C e l l  volume r e d u c e d  by 5% 7-hr a f t e r  - g lu ta m in e  t r e a t m e n t  begun ;  
no s i g n i f i c a n t  e f f e c t  o f  * l y s i s  by a n a l y s i s  o f  v a r i a n c e .  C e l l  number r e d u c e d  by 20% i n  * ly& ed*/ - g l y c i n e  c e l l s  a f t e r  ? -1 0 h r«  1 s t  column i s  t h e  mean o f  r e a d i n g s ,  r e m a in d e r  a r e  means o f  8 r e a d i n g s  ±
SE b a r s .
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I t  was p o s s i b l e  t h a t  th e  a f f e r e n t  pathw ay t o  c o n t r o l  
o f  t r a n s p o r t  ( i e .  t h e  mechanism o f  d e t e c t i o n  o f  low 
e x t e r n a l  amino a c i d  c o n c e n t r a t i o n )  was m e d ia te d  v i a  a 
change in  th e  f r e e  i n t r a c e l l u l a r  amino a c i d  p o o l .
The i n t r a c e l l u l a r  amino a c i d  c o n c e n t r a t i o n  was t h e r e f o r e  
m a n ip u la te d  by (a )  g row th  i n  low-Na medium, (b) ’ l y s i s *  
and r e f i l l i n g ,  d u r in g  th e  i n d u c t i o n  of t h e  e f f e c t .
(a )  The r e s u l t s  o f  grow th  o f  HeLa c e l l s  i n  low-Na 
medium a re  shown i n  F ig ,  29* 3hr a f t e r  medium was 
changed , a n a l y s i s  of v a r i a n c e  showed no s i g n i f i c a n t  
e f f e c t  o f  t r e a t m e n t ;  n e i t h e r  low -am ino a c i d  (1 /5  
norm al amino a c id  m ix t u r e ) ,  ( P > 0 , 1 ) ,  n o r  low-Na,
(P> 0 . 1 ) .  T here  was no s i g n i f i c a n t  e f f e c t  be tw een  
i n f l u x  m easured  in  c o n t r o l  c e l l s  a f t e r  3 and 13 h r  
of g row th , ( T - t e s t ,  P> 0 . 4 ) .  A f te r  13 h r  grow th  i n  
low -am ino a c i d ,  g l y c i n e  i n f l u x  was i n c r e a s e d  when 
e x t e r n a l  Na was n o rm a l ,  and s i m i l a r l y  i n  low-Na grown 
c e l l s .  Superim posed  on t h i s  was a d e c re a s e d  i n f l u x ,  
in  b o th  norm al and low -am ino a c i d  c e l l s ,  due to  g row th  
i n  low -N a.
(b ) P ig .  30 shows th e  r e s u l t  from  one e x p e r im e n t .
C e l l s  w ere  *lysed* r e p e a t e d l y  i n  t h e  p re s e n c e  o r  
a b sen c e  o f  g l y c i n e  ( e x t e r n a l  c o n c e n t r a t i o n  = 20mM) 
d u r in g  grow th  in  lo w -g lu ta m in e  medium, so a s  to  
o b t a i n  c e l l s  w i th  a v a r i e d  i n t r a c e l l u l a r  p o o l  and 
a re d u c e d  e x t r a c e l l u l a r  p o o l  o f  amino a c i d s .  (T- 
t e s t s  showed no s i g n i f i c a n t  e f f e c t  o f  ’ l y s i s *  a t  
t im e  z e r o ) .  A n a ly s is  o f  a l l  r e a d in g s ,  how ever, 
showed a s i g n i f i c a n t  i n c r e a s e  i n  g ly c in e *  i n f l u x  w i th  
t im e in  lo w -g lu ta m in e  (P <  0 .0 0 1 ) ,  no e f f e c t  o f  
’ l y s i s *  ( P > 0 .0 5 )  and no i n t e r a c t i o n ,  ( P > 0 . 1 ) .  The 
i n c r e a s e d  i n f l u x ,  due t o  a l t e r e d  e x t e r n a l  amino
a c i d  c o n c e n t r a t i o n ,  o c c u r r e d  w i t h in  2 h r ,  w i th  no 
f u r t h e r  s i g n i f i c a n t  i n c r e a s e ,  so t h a t  mean v a lu e s  
m easured  d u r in g  2 - lO h r  a r e  g iv e n .  T - t e s t s  o f  t h e  
l a s t  3 columns showed no s i g n i f i c a n t  d i f f e r e n c e  
betw een  c o n t r o l  ( n o n - ’l y s e d ’ ) c e l l s  and c e l l s  
’ l y s e d ’ i n  t h e  p r e s e n c e  o f  g l y c i n e .  C e l l s  ’ ly sed*
64
w i t h o u t  g l y c i n e  had  a  s i g n i f i c a n t l y  g r e a t e r  i n f l u x  
{w ith c o n t r o l ,  P < 0 . 0 5 , w i th  ’ ly s e d * ,  p l u s  g l y c i n e ,
P <  0 . 0 2 5 )" T h is  r e p r e s e n t e d  a f u r t h e r  10% i n c r e a s e  
i n  i n f l u x .
In  a s e p a r a t e ,  s i m i l a r ,  e x p e r im e n t ,  l o a d in g  w i th  20mM 
r a d i o a c t i v e l y  l a b e l l e d  e x t e r n a l  g l y c i n e  d u r in g  * l y s i s *  
gave an i n i t i a l  i n t e r n a l  g l y c i n e  o f  87mmole/lICW 
w hich had  a h a l f - t i m e  o f  l o s s  o f  33 m in .
B oth  s e r i e s  o f  e x p e r im e n ts  s u g g e s te d  t h a t  t h e  
i n t r a c e l l u l a r  s u b s t r a t e  c o n c e n t r a t i o n  was n o t  a m ajor 
l i m i t i n g  f a c t o r  i n  amino a c i d  t r a n s p o r t  r e g u l a t i o n .
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DISCUSSION
R e s u l t s  i n d i c a t e d  t h a t  g l y c i n e  e n t e r e d  HeLa and  Xenopus 
c e l l s  by a  s p e c i f i c  s a t u r a b l e  p r o c e s s .  The a b i l i t y  o f  
t h e  c e l l s  to  a c c u m u la te  g l y c i n e ,  above e x t e r n a l  
c o n c e n t r a t i o n s ,  c o u ld  be  e x p la in e d  i n  te rm s  o f  ’ a c t iv e *  
t r a n s p o r t  i f  t h e  amino a c i d  w ere  c o n s id e r e d  a s  f r e e  
i n s i d e  th e  c e l l .  T r a n s p o r t  w ou ld  t h e n  in v o lv e  a 
s p e c i f i c  ’ c a r r i e r *  sy s tem  w i t h i n  th e  membrane, 
a c t i v e l y  pumping g l y c i n e  a g a i n s t  a c o n c e n t r a t i o n  
g r a d i e n t ,  kn. a l t e r n a t i v e  h y p o th e s i s  was t h a t  i n t r a ­
c e l l u l a r  g l y c i n e  was bound t o  some c e l l u l a r  
c o n s t i t u e n t ;  t h e  amino a c i d  e n t e r i n g  t h e  c e l l  by 
f r e e  d i f f u s i o n ,  p r i o r  t o  b i n d i n g .  E v iden ce  a g a i n s t  
t h i s  p o s s i b i l i t y  h a s  p r e v i o u s l y  been  p r e s e n t e d ;
(1 ) P r e in c u b a t io n  o f  c e l l s  w i th  amino a c i d  sh o u ld  
r e s u l t  i n  p r e l o a d in g  o f  b in d in g  s i t e s ,  so  t h a t  
e x p e r im e n ta l ly  m easu red  i n f l u x  o f  amino a c i d  ough t 
t o  be  i n i t i a l l y  r e d u c e d .  In  E h r l i c h  c e l l s ,  t h e  
o p p o s i t e  was found  (H einx , 1954) when g l y c i n e  i n f l u x  
was a c t u a l l y  i n c r e a s e d  by  p r e i n c u b a t i o n  w i th  g l y c i n e .  
T h is  i n d i c a t e d  t h a t  i n t r a c e l l u l a r  b in d in g  was n o t  t h e  
r a t e - l i m i t i n g  s t e p  i n  u p t a k e .
(2 )  C o m p a r tm e n ta l i s a t io n  o f  i n t r a c e l l u l a r  amino a c i d  
sh o u ld  r e s u l t  i n  a l a g  i n  exchange  o f  bound f r a c t i o n s ,  
compared w i th  f r e e  g l y c i n e .  The e f f l u x  c o e f f i c i e n t
o f  g l y c i n e  from  E h r l i c h  c e l l s  was found  to  b e  c o n s t a n t ,  
(H e in z , 1957)* In  t h e  e x p e r im e n ts  p r e s e n t e d  h e r e ,  
a l th o u g h  t h e r e  was no e v id e n c e  f o r  any  f r a c t i o n  o f  
c e l l u l a r  g l y c i n e  ex ch a n g in g  w i th  a d e la y  a s  compared 
w i th  t h e  r e m a in d e r ,  i n  e i t h e r  Xenopus o r  HeLa c e l l s ,  
t h e  p o s s i b i l i t y  o f  i n t r a c e l l u l a r  b in d in g  w i th  a  h ig h  
t u r n o v e r  r a t e  c a n n o t  be  e x c lu d e d .
(3) S im ple  b in d in g  was u n l i k e l y  a s  n e i t h e r  E h r l i c h  
c e l l  f r a g m e n ts ,  (H einz & M a r ia n i ,  1955), n o r  u n a n n e a le d  
p ig e o n  e r y t h r o c y t e  v e s i c l e s  ( p re p a re d  by s o n i c a t i o n )  
(Lee, B e y g u -F a rb e r ,  & V id a v e r ,  1 9 7 3 ) ;  w ere  a b l e  t o  
b in d  o r  a c c u m u la te  g l y c i n e .
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E f f l u x  from  Xenopus c e l l s  w as, l i k e  i n f l u x ,  s a t u r a b l e  
b u t  t h e  system  h ad  a  much lo w e r  a f f i n i t y  f o r  amino 
a c i d .  I t  i s  assum ed t h a t  t h e  a c c u m u la t iv e  a b i l i t y  
o f  t h e  c e l l  w as due m a in ly  to  t h e  d i f f e r e n c e  i n  th e  
Km v a lu e s  f o r  e n t r y  and e x i t .  (The p o s s i b i l i t y  o f  
i n t r a c e l l u l a r  com partm ents  o f  h ig h  and low  g ly c in e  
was n o t  c o n s id e r e d  and e f f l u x  v a lu e s  w ere  c a l c u l a t e d  
on t h e  b a s i s  o f  t o t a l  i n t r a c e l l u l a r  w a t e r . )
Two h y p o th e s e s  c o n c e rn in g  amino a c i d  e f f l u x  h av e  
p r e v i o u s l y  b e en  s u g g e s te d ;
(1) t h a t  i t  o c c u r s  by p a s s i v e  b a c k - d i f f u s i o n ,  
i n c r e a s i n g  p r o p o r t i o n a l l y  w i th  i n t r a c e l l u l a r  
c o n c e n t r a t i o n ,  (H e inz , 1 9 54 : S c h o l e f i e l d ,  1 9 6 1 ) ,
T h is ,  when c o n s id e r e d  i n  a s s o c i a t i o n  w i th  t h e  
s a t u r a b l e  i n f l u x ,  e x p l a in e  t h e  f a l l - o f f  i n  e q u i l i b r i u m  
r a t i o  o b se rv e d  when e x t r a c e l l u l a r  amino a c i d  was 
i n c r e a s e d .
(2) t h a t  t h e  e x i t  p r o c e s s  i s  s i m i l a r  t o  t h a t  f o r  
m e d ia te d  e n t r y .  E a r ly  w ork w i th  E h r l i c h  c e l l s  
d e m o n s t ra te d  t h a t  l e u c i n e  e f f l u x  d e v i a t e d  from  
l i n e a r i t y  a s  i n t r a c e l l u l a r  c o n c e n t r a t i o n  i n c r e a s e d  
b u t  th e  e v id e n c e  p r e s e n t e d  f o r  a  s a t u r a b l e  e x i t  
p r o c e s s  was n o t  c o n c lu s iv e  a s  i t  was d i f f i c u l t  to  
o b t a i n  s u f f i c i e n t l y  h ig h  i n t r a c e l l u l a r  c o n c e n t r a t i o n s  
(Oxender & C h r i s t e n s e n ,  1 9 6 3 ) ,  A pproxim ate  v a lu e s  
f o r  Vmax and Km f o r  MeAIB, a l a n i n e ,  l y s i n e  and  
p h e n y la la n in e  e f f l u x  h a v e  s i n c e  been  o b t a in e d ,  
( C h r i s t e n s e n  & H a n d lo g te n ,  1 9 6 8 ) .  V a lu es  f o r  Vmax 
w ere  com parab le  t o  t h o s e  f o r  i n f l u x  b u t  Km v a lu e s  
w ere  much g r e a t e r ,  (25x f o r  MeAIB). S a t u r a b l e  
e f f l u x  h a s  a l s o  b e en  d e m o n s tr a te d  f o r  a l a n i n e  i n  
r a b b i t  i le u m  ( H a j j a r ,  Laraont, & C urran , 1970) and 
f o r  g l y c i n e  i n  mouse a s c i t e s  tum our c e l l s ,  (Eddy# 
M ulcahy, & Thomson, 1 9 6 7 ) .  The l a t t e r  w o rk e rs  
n o te d  t h a t  th e  k i n e t i c  c o n s t a n t s  which t h e y  
o b ta in e d  f o r  e f f l u x  w ere  s i m i l a r  to  t h o s e  e x p e c te d  
f o r  i n f l u x  m easured  i n  r e d u c e d  Na (14-5mM).
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R e s u l t s  r e p o r t e d  h e r e  s u p p o r t  t h e  l a t t e r  h y p o t h e s i s .  
A ssum ptions b a s e d  on th e  fo rm e r ,  how ever, would rem ain  
a p p ro x im a te ly  c o r r e c t ,  a s  t h e  v a lu e  f o r  
Xenopus was c o n s i d e r a b ly  l a r g e r  th a n  th e  r a n g e  o f  
i n t r a c e l l u l a r  c o n c e n t r a t i o n s  n o rm a l ly  fo u n d  ( i e ,  
t h e  e x i t  p r o c e s s  was n o t  n o rm a l ly  s a t u r a t e d .  )
Under norm al c o n d i t i o n s  o f  t r a n s p o r t  m easurem ent, 
no exchange d i f f u s i o n  c o u ld  b e  d e m o n s t r a te d .  The 
r e s u l t s  a r e  l i m i t e d  i n  t h a t  no i n v e s t i g a t i o n s  w e re  
c a r r i e d  o u t  under c o n d i t i o n s  o f  re d u c e d  a c t i v e  
t r a n s p o r t  and re d u c e d  c a r r i e r  a f f i n i t y ,  e g . ,  i n  
low-Na medium. I f  t h e  c o n t r i b u t i o n  o f  exchange u p tak e  
to  t o t a l  i n f l u x  w ere v e ry  sm a l l  th e n  th e  u p ta k e  m ig h t ,  
und er  n o rm al c o n d i t i o n s ,  have  a p p e a re d  a s  a  s i n g l e  
sy s te m . A l t e r n a t i v e l y ,  exchang .d i f f u s i o n  w ould  n o t  
have  been  d e m o n s tra te d  i f  t h e  s u b s t r a t e  a f f i n i t y  o f  
t h e  a c t i v e  c a r r i e r  w ere  v e ry  g r e a t  compared w i t h  t h a t  
o f  t h e  i n a c t i v a t e d  c a r r i e r .
P ro posed  m echanism  o f  t r a n s p o r t
The d a t a  o b ta in e d  f o r  e q u i l i b r i u m  d i s t r i b u t i o n - r a t i o  
was fo u n d  t o  q u a l i t a t i v e l y  f i t  a p ro p o se d  mechanism o f  
a c c u m u la t iv e  t r a n s p o r t ,  b a s e d  on a s a t u r a b l e  c a r r i e r  
h y p o t h e s i s ,  and M ic h a e l is -M e n te n  k i n e t i c s .
At t h e  s te a d y  s t a t e  (w ith  no n e t  t r a n s p o r t )  i n f l u x  = 
e f f l u x .
Vq = Sq .Vraax® = v\ = *Vmax^
Km + s^  Km + s
w h e re ;
v^ = i n f l u x
8 "  e x t e r n a l  g l y c i n e  c o n c e n t r a t i o n
Km®, Vmax® = k i n e t i c  c o n s t a n t s  o f  i n f l u x
« e f f l u x
s .  ~ i n t e r n a l  g l y c i n e  c o n c e n t r a t i o ni  iKm , Vmax = k i n e t i c  c o n s t a n t s  o f  e f f l u x
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r e a r r a n g i n g  t h e  e q u a t io n :
Vmax® _ (1 + Km®/sQ)
(1 + KmVsj^ )
U sing  t h e  k i n e t i c  c o n s t a n t s  d e r iv e d  e x p e r im e n ta l ly ,  n o t  
a l l  t h e  s t e a d y  s t a t e  g l y c i n e  v a lu e s  q u a n t i t a t i v e l y  f i t  
t h e  p ro p o se d  r e l a t i o n s h i p  be tw een  Vmax, Km, and g ly c in e  
c o n c e n t r a t i o n  ( s e e  F ig .  6 ) .  As a l l  t h e  n e c e s s a r y  d a t a  
w ere  n o t  d e r i v e d  from  a s i n g l e  e x p e r im e n t ,  t h i s  may 
be  due t o  i n t e r e x p e r i m e n t a l  v a r i a t i o n  i n  c a r r i e r  f u n c t i o n  
r a t h e r  t h a n  an i n v a l i d  a s s u m p t io n .
G e n e ra l  t r a n s p o r t  - p r o p e r t i e s
The c h a r a c t e r i s t i c s  o f  t h e  t r a n s p o r t  sy s te m  w ere  
s i m i l a r  t o  t h o s e  w hich  have  p r e v i o u s l y  been  u se d  to  
i d e n t i f y  n o n - e l e c t r o l y t e  t r a n s p o r t  system s and p r o v id e d  
e v id e n c e  f o r  t h e  N a -K -g ra d ie n t  h y p o t h e s i s .
E x t r a c e l l u l a r  i o n  d ependence
R e d u c t io n  i n  e x t r a c e l l u l a r  Na r e s u l t e d  i n  a  d e c r e a s e d  
i n f l u x  o f  g l y c i n e  and a d e c r e a s e d  s t e a d y - s t a t e  
d i s t r i b u t i o n  r a t i o .  In  t h e  a b se n c e  o f  e x t e r n a l  Na, 
c e l l s  w ere  u n a b le  t o  a c c u m u la te  g ly c in e  a g a i n s t  i t s  
c o n c e n t r a t i o n  g r a d i e n t .  E x t r a c e l l u l a r  Na co u ld  n o t  
be  e f f e c t i v e l y  r e p l a c e d  b y  K, c h o l in e ,  o r L i  i o n s .
K i n e t i c  a n a ly s e s  d e m o n s t ra te d  t h a t ,  i n  b o th  c e l l  
t y p e s ,  t h e  r e d u c e d  i n f l u x  o f  amino a c i d  was 
a s s o c i a t e d  w i th  an i n c r e a s e d  a p p a re n t  Km w i th  no 
change i n  Vmax. T h is  i n d i c a t e d  t h a t  e x t r a c e l l u l a r  
Na a c t e d  t o  i n c r e a s e  t h e  a f f i n i t y  o f  t h e  c a r r i e r  
f o r  s u b s t r a t e  w i th o u t  a l t e r i n g  c a r r i e r  m o b i l i t y .
D ata  a l s o  f i t t e d  M i c h a e l i s -M enten k i n e t i c s  i f  i n f l u x  
o f  g l y c i n e  was c o r r e l a t e d  w i th  e x t r a c e l l u l a r  Na a t  
c o n s t a n t  e x t r a c e l l u l a r  g l y c i n e  c o n c e n t r a t i o n s .
R e s u l t s  w ere c o n s i s t e n t  w i th  a  s i n g l e  Na io n  b e in g  
a s s o c i a t e d  w i th  t h e  r a t e - l i m i t i n g  s t e p  i n  t h e  i n f l u x  
o f  a s i n g l e  g l y c i n e  m o le c u le .  There  was no e v id e n c e  
t o  s u g g e s t  t h a t  t h e  c a r r i e r - c o m p l e x  f o rm a t io n  
in v o lv e d  t h e  b i n d in g  o f  2 Na io n s  (a  d i r e c t
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2r e l a t i o n s h i p  be tw een  amino a c i d  i n f l u x  and (Na) ) a s  
found by V id a v e r  (1964a )  f o r  g l y c i n e  i n f l u x  i n  
p ig e o n  e r y t h r o c y t e s  and by B aker and P o ta s h n e r  (1971; 
1973b )  fo r^ ^ u ta m a te  i n f l u x  i n  b o th  c ra b  n e rv e  and 
s q u id  axon .
G ly c in e  i n f l u x  was n o t  d e p en d e n t  upon e x t r a c e l l u l a r  
K. R e s u l t s  i n d i c a t e d  t h a t  (1) h ig h  e x t r a c e l l u l a r  
K was n o t  i n h i b i t o r y ,  (2) e x t r a c e l l u l a r  K was n o t  
an o b l i g a t o r y  r e q u i r e m e n t  f o r  i n f l u x  and  (3) 
i n a c t i v a t i o n  of t h e  Na-K~pump, th ro u g h  l a c k  o f  K, 
d id  n o t  have  an  im m ed ia te  e f f e c t  on g l y c i n e  i n f l u x .
I n t r a c e l l u l a r  io n  dependence
I n t r a c e l l u l a r  io n  l e v e l s  w ore  a l t e r e d  e i t h e r  d i r e c t l y  
by ’ l y s i s *  t r e a t m e n t ,  o r  i n d i r e c t l y  by p r e i n c u b a t i o n  
i n  low-K medium. (The l a t t e r  t r e a tm e n t  r e s u l t s  i n  
d e c r e a s e d  a c t i v i t y  o f  t h e  Na-K-pump, and d i s s i p a t i o n  
o f  t h e  n o rm a l ly  m a in ta in e d  i o n  g r a d i e n t s ) .  G ly c in e  
i n f l u x  i n t o  Xenopus c e l l s  was n o t  a f f e c t e d  by  t h e  
v a r i a t i o n  in  i n t r a c e l l u l a r  Na and  K l e v e l s  w hich  
c o u ld  be  o b t a in e d .  In  HeLa c e l l s ,  how ever, ’ l y s i s *  
e x p e r im e n ts  d e m o n s t r a te d  t h a t ,  a s  i n t r a c e l l u l a r  Na 
was r a i s e d ,  g l y c i n e  i n f l u x  was r e d u c e d .  In  t h i s  c e l l  
ty p e  t h e  ’ l y s i s ’ t r e a t m e n t ,  i t s e l f ,  cau sed  a 
r e d u c t i o n  i n  i n f l u x ;  so  t h e  e f f e c t  o f  i n t r a c e l l u l a r  
io n  c o n c e n t r a t i o n  on i n f l u x  was i n v e s t i g a t e d  u s in g  
lo w -^  t r e a t m e n t .  The ’ l y s i s ’ r e s u l t s  w ere  co n firm ed  
i n  t h a t  g l y c i n e  i n f l u x  was re d u c e d  a f t e r  p r e in c u b ­
a t i o n  i n  low-K m ed ia . I n  p r e l i m i n a r y  e x p e r im e n ts  
i t  was n o t  p o s s i b l e  to  d i s t i n g u i s h  w h e th e r  t h i s  
i n h i b i t i o n  o f  t r a n s p o r t  w as due to  h ig h  i n t r a c e l l u l a r  
Na, o r  h ig h -N a  p l u s  low-K, a s  g l y c i n e  i n f l u x  c o u ld  be 
c o r r e l a t e d  e q u a l l y  w e l l  w i th  e i t h e r  Na or K 
c o n c e n t r a t i o n .  In  l a t e r  w ork, s o r b i t o l  was u sed  to  
i s o - o s m o t i c a l l y  r e p l a c e  e x t e r n a l  Na t o  a v a r i a b l e  
d e g re e ;  so t h a t ,  a f t e r  low-K t r e a t m e n t ,  c e l l s  w ere  
o b ta in e d  w i t h  low-K p l u s  h igh -N a  o r  low-K p l u s  
n o rm al Na. No c o r r e l a t i o n  was th e n  found  betw een  
g ly c in e  i n f l u x  and  i n t r a c e l l u l a r  K, w h e reas  i n f l u x
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was p r o p o r t i o n a l  t o  i n t r a c e l l u l a r  Na. V a r ia n c e  a b o u t  
t h e  c o r r e l a t i o n  l i n e  w as more e q u a l ly  d i s t r i b u t e d  f o r  
a  l / v  : f (N a )^  r e l a t i o n s h i p ,  r a t h e r  th a n  a v  : f (N a )^  
r e l a t i o n s h i p .  T h is  i n d i c a t e d  t h a t  t h e  fo rm er  
r e l a t i o n s h i p  was more l i k e l y  and , t h e r e f o r e ,  t h a t  
t h e r e  was n o t  a f i n i t e  c o n c e n t r a t i o n  o f  i n t r a c e l l u l a r  
Na a t  w h i c h ^ y c i n e  i n f l u x  was z e r o .  D e c re ased  i n f l u x ,  
due to  i n c r e a s e d  i n t r a c e l l u l a r  Na, was a s s o c i a t e d  
p r i m a r i l y  w i th  a  re d u c e d  Vmax. This su g g e s te d  t h a t ,  
a l th o u g h  e x t r a c e l l u l a r  Na a l t e r e d  c a r r i e r  a f f i n i t y  f o r  
amino a c i d ,  t h e  r a t e - l i m i t i n g  e f f e c t  o f  i n t r a c e l l u l a r  
Na on i n f l u x  was v i a  a change i n  c a r r i e r  m o b i l i t y .
R e s u l t s  f o r  HeLa c e l l s  c o u ld ,  t h e r e f o r e ,  be  e x p la in e d  
i n  te rm s  o f  t h e  N a - g r a d ie n t  h y p o t h e s i s .  The sodium 
dependency o f  i n f l u x  was c o n s i s t e n t  w i th  t h e  b in d in g  
o f  a s i n g l e  Na io n  p e r  s u b s t r a t e  c a r r i e r ,  so t h a t  
t h e  a f f i n i t y  o f  t h e  c a r r i e r  s i t e  f o r  g l y c i n e  was 
c o n c o m ita n t ly  i n c r e a s e d .  I n t r a c e l l u l a r  Na d e c re a s e d  
i n f l u x ,  p o s s i b l y  l i m i t i n g  th e  r a t e  o f r e t u r n  o f  
c a r r i e r  t o  th e  o u t e r  s u r f a c e  o f  t h e  membrane. The 
a p p a re n t  i n s e n s i t i v i t y  o f  i n f l u x  t o  i n t r a c e l l u l a r  ion  
l e v e l s  i n  Xenopus c e l l s  may have  r e f l e c t e d  a c e l l -  
ty p e  v a r i a t i o n  i n  th e  r e l a t i v e  a f f i n i t i e s  o f  i n t r a ­
c e l l u l a r  Na and IC for.::ubs t r a t e  c a r r i e r  s i t e .  Thus 
th e  i n t r a c e l l u l a r  Na dependency  d id  n o t  n e c e s s a r i l y  
p r e c lu d e  an  e f f e c t  o f  i n t r a c e l l u l a r  K i n  m a in ta in in g  
norm al c a r r i e r  t u r n o v e r  or r e o r i e n t a t i o n .
Tî;.e N a - g r a d ie n t  h y p o th e s i s  p r e d i c t s  t h a t  amino a c i d  
e f f l u x  sh o u ld  be i n c r e a s e d  a s  i n t r a c e l l u l a r  Na i s  
r a i s e d .  In  Xenopus c e l l s ,  i n c r e a s i n g  i n t r a c e l l u l a r  
Na up to  23m mole/l ICVJ (an i n c r e a s e  w hich  h a d  no 
e f f e c t  on i n f l u x )  had  no e f f e c t  on r a t e  c o n s t a n t  o f  
e f f l u x .  An i n c r e a s e  o f  i n t r a c e l l u l a r  K above t h e  
n o rm al l e v e l  c au se d  an a c c e l e r a t e d  e f f l u x .  T h is  
s u g g e s te d  t h a t  t h e  e f f l u x  o f  K, down i t s  t r a n s ­
membrane g r a d i e n t ,  enhanced  c a r r i e r  o r i e n t a t i o n  o r  
t h a t  h ig h  c o n c e n t r a t i o n s  o f  i n t r a c e l l u l a r  K a l t e r e d  
c a r r i e r  a f f i n i t y  f o r  amino a c i d .  R e s u l t s  w ould ,
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t h e r e f o r e ,  a g re e  w i th  t h e  N a -K -g ra d ie n t  h y p o th e s is #
Assuming t h a t  e n e rg y  f o r  t r a n s p o r t  was d e r iv e d  from  
b o th  Na and K g r a d i e n t s ,  t h e n  t h e  p o t e n t i a l  e n e rg y  
a v a i l a b l e  was c a l c u l a t e d  from  2 .3R T log  (Na. .K.) and
compared w i th  t h a t  r e q u i r e d  t o  m a in t a in  th e  o b se rv e d
s t e a d y  s t a t e  d i s t r i b u t i o n  r a t i o s  f o r  g l y c i n e ,
c a l c u l a t e d  from 2 .3R T lo g  (g l v c i n e . ) .  S u f f i c i e n t( g ly c in e ^ )
e n e rg y  was a v a i l a b l e  i n  b o th  HeLa and  Xenopus c e l l s .  
U sing  s t e a d y  s t a t e  d a t a  o b t a in e d  un der  norm al 
c o n d i t i o n s  o f  t r a n s p o r t  ( s e e  f i g s  4 , 5, 6 )  t h e  
r ximum e n e rg y  r e q u i r e m e n t  f o r  g l y c i n e  a c c u m u la t io n  
i n  Xenopus c e l l s  was a p p ro x im a te ly  2000 c a l /m o le  
com pared w i th  a p o t e n t i a l  e n e rg y  o f  a p p ro x im a te ly  
2800 c a l /m o le  (a  r e q u i r e d  e f f i c i e n c y  o f  71%)# In  
HeLa c e l l s ,  t h e  r e q u i r e m e n ts  a t  2mM e x t e r n a l  g l y c i n e  
was 2275 c a l /m o le ,  com pared w i t h  an a v a i l a b l e  
p o t e n t i a l  e n e rg y  o f  3482 c a l /m o le ,  ( e f f i c i e n c y  = 
65%).
A c tio n  o f  m e ta b o l ic  i n h i b i t o r s  and o u a b a in
No e v id e n c e  was o b t a i n e d  f o r  any  d i r e c t  l i n k  betw een 
c e l l u l a r  m e ta b o l ism  and i n i t i a l  r a t e  o f  g l y c i n e  
u p ta k e  i n  e i t h e r  c e l l  t y p e .  In  HeLa c e l l s ,  t h e  
a c c u m u la t iv e  c a p a c i t y  f o r  g l y c i n e  was l e s s  a f t e r  
o u a b a in  t r e a tm e n t  i f  s u f f i c i e n t  t im e  w ere  a l lo w e d  
f o r  a l t e r a t i o n  i n  i n t r a c e l l u l a r  io n  d i s t r i b u t i o n .
In  ag reem en t w i th  low-K r e s u l t s ,  th e  o b se rv ed  
i n c r e a s e  in  i n t r a c e l l u l a r  Na r e s u l t e d  i n  a  d e c r e a s e d  
Vmax o f  i n f l u x  w i th o u t  a  v a r i a t i o n  i n  Km. In  
Xenopus c e l l s ,  a c c u m u la t io n  was l e s s  a f t e r  o u a b a in  
t r e a tm e n t ,  p o s s i b l y  due t o  an e f f e c t  on e f f l u x  
r a t h e r  th a n  i n f l u x  a s  p r i o r  f i n d i n g s  p r e d i c t e d  t h a t  
t h e  v a r i a t i o n  i n  i n t r a c e l l u l a r  io n s  was i n s u f f i c i e n t  
to  a f f e c t  i n f l u x  o r  l i m i t  a c c u m u la t io n  th ro u g h  l a c k  
o f  p o t e n t i a l  e n e rg y .
Thus t h e  d e t r i m e n t a l  e f f e c t  o f  m e ta b o l ic  i n h i b i t o r s  
and o u a b a in  on s t e a d y  s t a t e  d i s t r i b u t i o n  r a t i o  c o u ld
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b e  e x p la in e d ,  i n  HeLa c e l l s ,  i n  te rm s  o f  a l t e r e d  
a l k a l i - m e t a l  io n  d i s t r i b u t i o n  and t h e  su b se q u e n t  
e f f e c t  on i n f l u x .  T h is  was u n l i k e l y  t o  be th e  c a se  
i n  Xenopus c e l l s .  A d i r e c t  e f f e c t  o f  o u a b a in  on 
e f f l u x  was n o t  i n v e s t i g a t e d  b u t  c a n n o t  be e x c lu d e d .
E f f e c t  o f  ’ f r e s h ’ and  ’ c o n d i t i o n e d ’ medium
I f  g ro w th  medium was r e p l a c e d  by ’ f r e s h ’ , b u t  n o t  
’ c o n d i t i o n e d ’ , medium, g l y c i n e  i n f l u x  was re d u c e d  
in  b o th  Xenopus and  HeLa c e l l s .  The h a l f - t i m e  o f  
decay  o f  i n f l u x  a c t i v i t y  was s i m i l a r  t o  t h a t  found  
when lo w -g lu ta m in e  c e l l s  w ere  r e p l a c e d  i n t o  no rm al 
’ c o n d i t i o n e d ’ medium. The r e d u c t io n  i n  t r a n s p o r t  
d id  n o t  i n v o lv e  p r o t e i n  s y n t h e s i s  and k i n e t i c  a n a l y s i s  
showed t h a t  t h e  e f f e c t  was a s s o c i a t e d  w i th  a  re d u c e d  
Vmax and no change in  t h e  a p p a r e n t  Km. T h is  s u g g e s te d  
t h a t  a l th o u g h  th e  s t r u c t u r e  and a f f i n i t y  f o r  g ly c in e  
o f  t h e  c a r r i e r s  re m a in e d  u n a l t e r e d ,  t h e r e  was a 
r e d u c t i o n  in  e i t h e r  t h e  r a t e  o f  c a r r i e r  t u r n o v e r  o r  
number of a c t i v e  c a r r i e r s .  The r e s u l t s  p r e s e n t e d  
w ere  c o n s i s t e n t  w i th  i n h i b i t i o n  of s y n t h e s i s  o f  
t r a n s p o r t  c a r r i e r s .
S in c e  th e  o r i g i n a l  o b s e r v a t i o n ,  t h e  work h a s  been  
e x te n d e d  in  t h i s  l a b o r a t o r y .  S im i la r  r e s u l t s  have 
been  fou nd  f o r  Rb* and  2 -D e o x y g lu co se ,  b u t  n o t  
c h l o r i d e ,  i n f l u x ,  i n  Py3T3 c e l l s ,  (Brown, Hume,
Lamb, & W e in g a r t ,  1 9 7 4 ) -  I t  i s  s u g g e s te d  t h a t  t h e  
c e l l s  r e l e a s e  i n t o  t h e i r  c u l t u r e  medium a  d i a l y s a b l e ,  
low m o le c u la r  w e ig h t  s u b s ta n c e ,  whose a b se n c e  c a u s e s  
a re d u c e d  t r a n s p o r t  a c t i v i t y .
D i f f e r e n t  h a l f - t i m e s  o f  decay o f  a c t i v i t y  may r e p r e s e n t  
d i f f e r e n c e s  i n  th e  n o rm al r a t e  o f t u r n o v e r  o f  th e  
s i t e s ,  o r  d i f f e r e n t  h a l f - l i v e s  o f  t h e  c a r r i e r  
p r o t e i n s  w hich  th e m s e lv e s  a r e  i n  a dynamic s t a t e  o f  
t u r n o v e r .
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E f f e c t  o f  s e r u n  c o n c e n t r a t i o n  d u r in g  g row th
Xenopus and  HeLa c e l l s  re s p o n d e d  t o  th e  serum  c o n c e n t ­
r a t i o n  o f  t h e i r  g row th  medium by r e g u l a t i n g  t h e i r  
g l y c i n e  t r a n s p o r t  f u n c t i o n .  A p r o g r e s s i v e  i n c r e a s e  i n  
c o n c e n t r a t i o n  o f  e i t h e r  f o e t a l - b o v i n e  o r  c a l f  serum , 
d u r in g  g ro w th ,  r e s u l t e d  i n  a  p r o p o r t i o n a l  i n c r e a s e  
i n  e x p e r im e n ta l  i n f l u x  and  a c c u m u la t io n  o f  g l y c i n e .
The a l t e r e d  c a p a c i ty  o f  th e  sy s te m  was c h a r a c t e r i s e d  by 
a  v a r i a b l e  Vmax w i th  no change i n  th e  a p p a r e n t  Km o f  
i n f l u x .  T h is  s u g g e s te d  t h a t  t h e  r e g u l a t o r y  mechanism 
was v i a  c o n t r o l  o f  th e  number o r  r a t e  o f  t u r n o v e r ,  o f  
expo sed , f u n c t i o n a l l y  a c t i v e  s i t e s ,  r a t h e r  th a n  an a l t e r e d  
c a r r i e r  s t r u c t u r e .  Q u a l i t a t i v e l y  s i m i l a r  a l t e r a t i o n  
o f  k i n e t i c  c o n s t a n t s  have  been  r e p o r t e d  f o r  serum  
s t i m u l a t i o n  o f  u r i d i n e  u p ta k e  i n  mouse and h a m s te r  
embryo c e l l s ,  p r e v i o u s l y  grown i n  s e ru m - f r e e  medium,
(Hare, 1972b; Lemkin & H are , 1973)*
I t  was p o s s i b l e  t h a t  h ig h  serum  c o n c e n t r a t i o n s  a c t e d  
t o  p o t e n t i a t e  g l y c i n e  t r a n s p o r t  (a )  by c o u n te r a c t i o n  
o f  a t r a n s p o r t  i n h i b i t o r ,  (b) by in d u c t io n  o f  
s y n t h e s i s  of a d d i t i o n a l ,  i d e n t i c a l  s i t e s ,  o r (c )  
by m o d i f i c a t i o n  o f  p r e - e x i s t i n g  s i t e s .
The developm ent o f  t h e  serum  dependence  was s low
(4 8 h r)  and i n d i c a t e d  a t im e -d e p e n d e n t  m o d i f i c a t i o n
o f  t h e  c e l l s ,  serum  o r  c u l t u r e  medium. C o n s id e r in g
th e  l a t t e r  p o s s i b i l i t y ,  c o n f lu e n t  3T3 c e l l s  have  been
shown t o  r e l e a s e  an i n h i b i t o r  w hich  d e c r e a s e d  th e
u p ta k e  o f  c e r t a i n  RNA p r e c u r s o r s  and whose a c t i o n
was c o u n te r a c te d  by serum , ( P a r i s e r  & Cunningham,
1 9 7 1 ) .  Hare h as  r e p o r t e d  t h e  a p p e a ra n c e  o f
i n h i b i t o r  o f  u r i d i n e  t r a n s p o r t  i n  medium w hich  had
s u p p o r te d  mouse embryo c e l l s  f o r  24 to  7 2 h r ,  (H are,
1972b ) .  B ecause  o f  th e  o b se rv e d  ’ c o n d i t i o n in g  e f f e c t ’
i n  Xenopus and HeLa, i t  seemed im p ro b a b le  t h a t  a
s i m i l a r  i n h i b i t o r  f o r  g l y c i n e  t r a n s p o r t  e x i s t e d .
I t  w as, how ever, p o s s i b l e  t h a t  t h e  grow ing  c e l l s
r e l e a s e d  a s u b s ta n c e  w h ich  i n c r e a s e d  t h e  s e r u m - s e n s i t i v i t y  o f  
t h e  c e l l s .  E v id en ce  has  been  c i t e d  fo r  t h e  r e l e a s e  of serum -
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s e n s i t i s i n g  f a c t o r  by c o n f l u e n t  c e l l s ,  which
was a c t i v e  on n o n - c o n f l u e n t  c e l l s ,  en h an c in g  t h e  DNA 
s y n t h e s i s  r e s p o n s e  o f  t h e  c e l l s  to  added serum ,
(C la rk e  & S to k e r ,  1 9 7 1 ) .  The e x i s t e n c e  o f  a  s i m i l a r  
f a c t o r  in  HeLa and Xenopus c e l l s  w ould  e x p la in  th e  
t i m e - l a g  b e f o r e  t h e  s t i m u l a t o r y  e f f e c t  o f  serum c o u ld  
be o b s e rv e d .  I t  i s  p o s t u l a t e d  t h a t  th e  l a t t e r  e f f e c t  
i s  due t o  th e  p r e s e n c e  o f  a c t i v e  f a c t o r s  w hich  w ere  
a b l e ,  d i r e c t l y  o r  i n d i r e c t l y ,  t o  a c t  a s  s t i m u l a t o r s  
o f  g l y c i n e  t r a n s p o r t .  No a t t e m p t  h a s  been  made t o  
i d e n t i f y  t h e s e  serum  c o n s t i t u e n t s .
Serum h as  p r e v i o u s l y  been  r e p o r t e d  t o  s t i m u l a t e  amino 
a c i d  t r a n s p o r t ,  m  i n c r e a s e d  serum c o n c e n t r a t i o n  
(from  5 to  20%) i n  g ro w th  medium i n c r e a s e d  l e u c i n e  
t r a n s p o r t  i n  b o th  p r e -  and p o s t - c o n f l u e n t  c u l t u r e s  
o f  MRC-5 c e l l s  (a  d i p l o i d  l i n e  from  human f o e t a l  lu n g  
t i s s u e )  a l th o u g h  t h e  e f f e c t  was o n ly  s l i g h t ,  ( G r i f f i t h s ,  
1 9 7 2 ) .  I f  10% serum  was in c lu d e d  d u r in g  a 4 h r  
i n c u b a t i o n  o f  em bryonic  c h ic k  bone w i th  AIB, th e n  t h e  
u p ta k e  o f  th e  amino a c i d  was i n c r e a s e d ,  (Adamson &
AnaSt, 1 9 6 6 ) .  In  th e  l a t t e r  c a s e ,  t h e  a u th o r s  n o t e d  
a s i m i l a r  serum e f f e c t  on p r o l i n e  i n c o r p o r a t i o n  and 
s u g g e s te d  t h a t  a n o n - d i a l y s a b l e  serum  f a c t o r  s t i m u l a t e d  
amino a c i d  i n c o r p o r a t i o n  th ro u g h  i t s  s t i m u l a t i o n  o f  
amino a c i d  t r a n s p o r t .
U sing  th e  p r o t e i n  s y n t h e s i s  i n h i b i t o r ,  c y c lo h e x im id e ,  
e v id e n c e  was o b t a i n e d ,  ( s e e  F ig .  2 1 ) ,  i n  s u p p o r t  o f  a 
1 i b i l e  t r a n s p o r t  c a r r i e r  p r o t e i n ,  (se e  l a t e r  
d i s c u s s i o n  o f  low -am ino  a c i d  t r e a t m e n t ) .  In  a d d i t i o n ,  
i n h i b i t o r  s t u d i e s  showed t h a t  p r o t e i n  s y n t h e s i s  was 
n e c e s s a r y  f o r  t h e  se ru m -d e p en d e n t  i n c r e a s e  i n  t r a n s p o r t  
c a p a c i t y .  Because  o f  t h e  n o n - s p e c i f i c  a c t i o n  o f  
c y c lo h e x im id e  i t  was n o t  p o s s i b l e ,  h o w ev er , t o  co n c lu d e  
w h e th e r  t h e  l a c k  o f  a c q u i s i t i o n  o f  t r a n s p o r t  was due to  
l a c k  o f  s y n t h e s i s  o f  an e s s e n t i a l  c a r r i e r  p r o t e i n ;  
f o r  i n s t a n c e ,  i t  may r e f l e c t  a l a c k  o f  se rum - 
s e n s i t i s i n g  p r o t e i n ,  or c y c lo h e x im id e  may have  
p r e v e n te d  t h e  m o d i f i c a t io n  o f  p r e - e x i s t i n g  t r a n s p o r t  
s i t e s .
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I t  i s  n o t  known w h e th e r  th e  o b se rv e d  s t i m u l a t o r y  e f f e c t  
o f  serum  on g l y c i n e  t r a n s p o r t  r e f l e c t s  a g e n e r a l  a c t i o n  
on membrane t r a n s p o r t  sy s te m s ,  n o r  w h e th e r  i t  i s  
i n t e g r a l l y  a s s o c i a t e d  w i th  t h e  g ro w th -p ro m o tin g  
a c t i v i t y  of serum .
R e g u la t io n  of t r a n s p o r t  bv e x t e r n a l  amino 
a c i d  c o n c e n t r a t i o n
In  b o th  Xenopus and HeLa c e l l s ,  t h e  c o n c e n t r a t i o n  o f  
amino a c i d  i n  t h e  g row th  medium was d e m o n s tra te d  a s  
r e g u l a t o r y  i n  t h e  c o n t r o l  o f  t r a n s p o r t  o f  g l y c i n e ,
(an A -m ed ia ted  amino a c i d ) .  As th e  c o n c e n t r a t i o n  o f  
s i m i l a r l y  t r a n s p o r t e d  amino a c i d s  was i n c r e a s e d ,  t h e  
t r a n s p o r t  a c t i v i t y ,  r e p r e s e n t e d  e x p e r im e n ta l ly  by 
g l y c i n e  i n f l u x ,  d e c r e a s e d  t o  a  minimum v a lu e  a t  a b o u t  
th e  norm al g row th  c o n c e n t r a t i o n .  G ly c in e  i n f l u x  was 
n o t  i n f lu e n c e d  by th e  p r i o r  g row th  c o n c e n t r a t i o n  o f  
l e u c i n e ,  (an L -m e d ia te d  amino a c i d ,  t r a n s p o r t e d  by a 
sy s tem  o f  exchange r a t h e r  t h a n  a c t i v e  t r a n s p o r t ) .
R e s u l t s  were t h u s  s i m i l a r  t o  t h o s e  o b ta in e d  by  G azzo la  
b u t  show a v a r y in g  c o n c e n t r a t i o n  dependence , r a t h e r  
th a n  an ’ a l l - o r - n o n e ’ e f f e c t ,  (G azzo la  e t  a l . ,  1 9 7 2 ) .
C o n t ro l  o f t r a n s p o r t  was p r i m a r i l y  th ro u g h  a v a r i a t i o n  
in  Vmax o f  u p ta k e ,  i n d i c a t i n g  a change in  e i t h e r  
c a r r i e r  number o r  a c t i v i t y  so t h a t  more c a r r i e r  
p r o t e i n s ,  o f  t h e  same t y p e ,  w ere  o p e r a t i n g ,  p e r  u n i t  
o f  t im e ,  i n  low  amino a c id -g ro w n  c e l l s .  In  HeLa c e l l s ,  
r e d u c t io n  o f  e x t e r n a l  c o n c e n t r a t i o n  o f  t r a n s p o r t a b l e  
s u b s t r a t e  a l s o  r e s u l t e d  in  a  lo w e r  v a lu e  f o r  Km; t h a t  
i s ,  a  h ig h e r  c a r r i e r  a f f i n i t y  f o r  g ly c in e *  T h is  
s u g g e s te d  a m o d i f i c a t i o n  o f  c a r r i e r  s t r u c t u r e  b u t  may 
have been  due t o  a change i n  t h e  N a - s e n s i t i v i t y  o f  
th e  c a r r i e r .
The e f f l u x  r a t e  o f  g l y c i n e  was n o t  s i g n i f i c a n t l y  
a l t e r e d  by t h e  e x t e r n a l  c o n c e n t r a t i o n  o f  amino a c i d s  
d u r in g  g ro w th .  C o n se q u e n tly ,  c e l l s  grown i n  lo w e r  
c o n c e n t r a t i o n s  o f  amino a c i d s  had  a g r e a t e r
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a c c u m u la t iv e  c a p a c i ty  th a n  no rm al c e l l s .  I t  i s  
s u g g e s te d  t h a t  t h i s  a l lo w e d  t h e  m a in te n a n c e  o f  more 
norm al i n t r a c e l l u l a r  amino a c i d  p o o ls  d e s p i t e  
re d u c e d  e x t r a c e l l u l a r  c o n c e n t r a t i o n s .  Up t o  24hr a f t e r  
a d e f i c i e n c y  o f  1 amino a c i d ,  HeLa c e l l s  have  been 
shown to  be  a b le  t o  m a in t a in  t h e i r  f r e e  i n t r a c e l l u l a r  
p o o l s  w i th  l i t t l e  ch an g e , e x c e p t in g  t h a t  t h e  amino 
a c i d  m is s in g  from  t h e  medium was m is s in g  from  t h e  c e l l  
p o o l ,  (P ie z  & E a g le ,  1 9 5 8 ) .  T h is  p resum ab ly  o c c u r re d  
d e s p i t e  a v a r i a t i o n  i n  t h e  c o m p e t i to ry  i n t e r a c t i o n  o f  
a c t i v e l y  t r a n s p o r t e d  amino a c i d s .
The d eve lopm en t o f  t h e  s t i m u l a t i o n ,  o r  d e r e p r e s s i o n ,  o f  
u p ta k e  was s t u d i e d  i n  th e  p r e s e n c e  o f  p r o t e i n  s y n t h e s i s  
i n h i b i t o r s .  A ctinom ycin  D (I\MD) was u sed  to  p r e v e n t  
t r a n s c r i p t i o n  o f  mRNAs on t h e i r  DMA te m p la t e s  (Ham elin, 
L a r s e n ,  & T a v i t i a n ,  1973) and c y c lo h e x im id e  ( a f f e c t i n g  
t h e  p r o c e s s  o f  p e p t i d e  bond f o r m a t io n ,  o r  ’ t r a n s l _ „ ^ t i o n * ) 
u se d  t o  i n h i b i t  p r o t e i n  s y n t h e s i s ,  (G ro llm an , & Mon 
Tuan Huang, 1 9 7 3 ) .
A decay  i n  norm al i n f l u x  a c t i v i t y  was o b se rv e d  d u r in g  
c y c lo h e x im id e  t r e a t m e n t ;  an e f f e c t  p r e v i o u s l y  o b se rv ed  
d u r in g  serum s t u d i e s .  I t  a p p e a re d  t h a t  c o n t in u o u s  
s y n t h e s i s  o f  p r o t e i n  was n e c e s s a r y  t o  m a in ta in  no rm al 
t r a n s p o r t  f u n c t i o n .  The r e s u l t s  a r e  c o n s i s t e n t  w i th  
t h e  v iew  t h a t  membrane components d i r e c t l y  in v o lv e d  
i n  c a r r i e r - m e d i a t e d  a c t i v e  t r a n s p o r t  were i n  a 
dynamic s t a t e  o f  t u r n o v e r  and t h a t  t h e  decay  o b se rv e d  
was due to  p r o t e i n  c a t a b o l i s m .  /iMD had  no e f f e c t  
w i t h i n  th e  7 h r  o f  t h e  e x p e r im e n t ,  i n d i c a t i n g  a 
r e s e r v e  s t o r e  o f  t h e  a p p r o p r i a t e  mRNAs. S im u lta n e o u s  
s y n t h e s i s  and d e g r a d a t io n  o f  p r o t e i n  would  n o rm a l ly  
be m atched  and no o v e r a l l  e f f e c t  o b s e rv e d .  I t  h a s  
been  s u g g e s te d  t h a t  t h e  s i g n i f i c a n c e  o f  dynam ic, r a t h e r  
th an  s t a t i c ,  e q u i l i b r i u m  may l i e  i n  t h e  f a c t  t h a t  i t  
i s  e a s i e r  t o  s t i m u l a t e  to  n e t  s y n t h e s i s  o r  d e g r a d a t io n ,  
( P a s t e r n a k ,  1 9 7 3 ) .
F r i z z e l  h a s  s u g g e s te d  a t u r n o v e r  o f  a l a n i n e  c a r r i e r  
i n  t h e  b ru s h  b o r d e r  o f  r a b b i t  i le u m , ( F r i z z e l ,
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N e l l  a n s ,  A ch e s  on & S c h u l t z ,  1973)* i n j e c t i o n  o f  
c y c lo h e x im id e ,  3hr p r i o r  to  s a c r i f i c e ,  l e d  to  a 
59% r e d u c t io n  in  a l a n i n e  i n f l u x  (a  69% r e d u c t io n  in  
Vmax) a c r o s s  t h i s  t i s s u e .  Hare h a s  u se d  i n h i b i t o r  
s t u d i e s  t o  p ro v id e  e v id e n c e  f o r  a l a b i l e ,  t r a n s p o r t -  
a c t i v e  p r o t e i n  f o r  u r i d i n e  t r a n s p o r t  i n  mouse embryo 
c e l l s ,  (Hare, 1 9 ? 2 a ,b ) .  S i m i l a r l y ,  e v id e n c e  was 
o b ta in e d  f o r  t h e  e x i s t e n c e  o f  a p r o t e i n  (o r  p r o t e i n s )  
w i th  a s h o r t  h a l f - l i f e ,  c o n ce rn e d  w i th  AIB t r a n s p o r t  
a c r o s s  i n t a c t  r a t  d ia p h ra g m s , ( E ls a s ,  A lb re c h t ,  & 
R osen berg , 1 9 6 8 ) ,  In  t h i s  l a t t e r  p r e p a r a t i o n ,  e v id e n c e  
was g iv en  t o  show t h a t  t h e  c y c lo h e x im id e  e f f e c t  was a 
t r u e  d ecay  o f  a c t i v i t y  r a t h e r  th a n  m e re ly  a r e f l e c t i o n  
o f  g e n e r a l i s e d  c e l l u l a r  d i s f u n c t i o n .
Both c y c lo h ex im id e  and #1D p r e v e n te d  th e  a c q u i s i t i o n  
o f  a d d i t i o n a l  t r a n s p o r t  a c t i v i t y .  The in c o m p le te  
i n h i b i t i o n  w i th  c y c lo h e x im id e  may r e p r e s e n t  t im e  d e la y  
i n  th e  a c t i o n  o f  t h e  a n t i b i o t i c ;  p o s s i b l y  membrane- 
l i m i t e d  t r a n s p o r t ,  a s  t h e  p r o t e i n  s y n t h e s i s  b lo c k  h a s  
been  r e p o r t e d  t o  b e  im m ed ia te ,  (Grollm an e t  a l . ,  1973)*
As c y c lo h ex im id e  h a s  a  r e v e r s i b l e  a c t i o n  on p r o t e i n  
s y n t h e s i s  (G ro llm an , e t  a l , ,1 9 7 3 ) ,  c e l l s  can be 
in c u b a te d  w i th  c y c lo h e x im id e  i n  a  c o n d i t i o n  o f  
i n h i b i t e d  mRNA t r a n s L - ^ a t i o n  b u t  a l lo w e d  mRNA 
t r a n s c r i p t i o n .  T his t e c h n iq u e  was s u c c e s s f u l l y  u sed  
in  c a r d i a c  c e l l  s u s p e n s io n s  t o  d e m o n s tra te  t h a t  
e x t e r n a l  amino a c i d  c o n t r o l  o f  i n f l u x  was a t  th e  
l e v e l  o f  mRNA t r a n s c r i p t i o n  r a t h e r  th a n  t r a n s l o c a t i o n ,  
(F ra n c h i -G a z z o la  e t  a l . ,  1 9 7 3 ) .  The r e s u l t s  p r e s e n t e d  
h e r e ,  how ever, showed t h a t  a f t e r  ’’lo w -g lu ta m in e /+  
c y c lo h e x im id e ” t r e a t m e n t ,  rem oval o f  c y c lo h e x im id e ,  
a l th o u g h  p r e v e n t in g  f u r t h e r  decay o f  a c t i v i t y ,  d id  
n o t  r e s u l t  i n  a s u b s e q u e n t  i n c r e a s e  i n  g l y c i n e  u p ta k e .  
They d i f f e r  from  th o s e  o f  t h e  I t a l i a n  w o rk e rs  i n  t h a t  
t h e r e  was no  e v id e n c e  f o r  s t i m u l a t i o n  o f  s p e c i f i c  
mRNA t r a n s c r i p t i o n  d u r in g  c y c lo h e x im id e  p r e i n c u b a t i o n .  
I t  i s  s u g g e s te d  t h a t  p r o t e i n  s y n t h e s i s  was r e q u i r e d  
f o r  th e  i n i t i a l  r e g u l a t o r y  s i g n a l  a l th o u g h  su b se q u e n t  
c o n t r o l  may be  a t  t h e  l e v e l  o f  t r a n s c r i p t i o n .
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G e n e t ic  f e e d -b a c k  c o n t r o l . R e s u l t s  may r e p r e s e n t  a 
g e n e t i c  r e g u l a t i o n  o f  c a r r i e r  p r o t e i n ,  a n a lo g o u s  t o  
t h a t  foun d  f o r  enzyme s y n t h e s i s  i n  b a c t e r i a .  The 
l a t t e r  i s  c o n t r o l l e d  by (a) s t r u c t u r a l  g e n e s ,  and  (b) 
r e g u l a t o r y  genes  g o v e rn in g  t h e  e x p r e s s io n  o f  ( a ) .
For exam ple, t h e  s y n t h e s i s  o f ^ - g a l a c t o s i d a s e  in  
E . c o l i  i s  c o n t r o l l e d  by a  r e g io n  o f  t h e  genome which 
c o n ta in s  4 l o c i ;  1 c o n ta in s  t h e  code f o r  amino a c id  
seq u en ce  and  2 a r e  r e g u l a t o r y ,  (V ogel, 1 9 6 1 ) .
R e g u la to r y  g en es  a r e  u n d e r  r e p r e s s o r  a c t i o n .
R e p re s s o r s  a r e  g e n e r a l l y  s p e c i f i c ,  e n d -p r o d u c ts  o f  
pa thw ays c o n ta in i n g  t h e  r e p r e s s i b l e  enxyraes. They 
a c t  so a s  t o  m atch  s y n t h e s i s  t o  r e q u i r e m e n t  o f end- 
p ro d u c t  by (a) ’ e n d -p r o d u c t  i n h i b i t i o n ’ ( o c c u r r in g  a t  
t h e  l e v e l  o f  enzyme a c t i o n ,  r a t h e r  th a n  f o r m a t io n )
(b) ’ r e p r e s s i o n ’ o f  enzyme s y n t h e s i s  (a s lo w e r  c o n t r o l  
mechanism depend ing  upon d i l u t i o n  o f  p r e - e x i s t i n g  
enzymes by g ro w th ) ,  (Umbarger, 1961; W ije s u n d e ra ,
& Woods, i 9 6 0 ) .  D e r e p r e s s io n  would r e p r e s e n t  de novo 
s y n t h e s i s  o f  enzyme p r o t e i n  (V ogel, I 96I )  and 
r e p r e s s i o n / d e r e p r e s s i o n  would depend on t h e  i n t r a ­
c e l l u l a r  r e p r e s s o r  c o n c e n t r a t io n *
A fe e d b a c k  c o n t r o l  h a s  been  r e p o r t e d  i n  HeLa c e l l s  f o r  
s y n t h e s i s  of g lu ta m y l  t r a n s f e r a s e  (which c a t a l y s e s  
t h e  r e a c t i o n  g lu ta m ic  a c i d  t o  g lu ta m in e )  w i th  g lu ta m in e  
a s  t h e  r e p r e s s o r ,  (DeMars, 1 9 5 8 ) .  More r e c e n t l y ,
B arnes  h a s  shown t h a t  t h e  o m is s io n  o f  g lu ta m in e  from  
t h e  grow th  medium cau sed  an I n c r e a s e  i n  t h e  a c t i v i t y  
o f  t h e  same enzyme i n  L - c e l l s ,  (B arnes ,  lo u n g b e rg ,
& K i t e s ,  1 9 7 1 ) .  I f  c e l l s  w ere th e n  r e f e d  w i th  
g l u t a m i n e - s u f f i c i e n t  medium, enzyme a c t i v i t y  d e c r e a s e d  
w i t h i n  24h r  t o  l e s s  th a n  t h e  s t a r t i n g  v a lu e ,  i n d i c a t i n g  
t h a t  g lu ta m in e  a c t e d  to  r e g u l a t e  th e  l e v e l  o f  a c t i v i t y .  
I f  r e p r e s s o r  a c t i o n  i s  s i m i l a r l y  th e  p r i n c i p a l  
r e g u l a t o r y  d e v ic e  i n  c a r r i e r  s y n t h e s i s ,  t h e n  th e  
c o n t r o l  of g l y c i n e  t r a n s p o r t  d e m o n s tra te d  h e r e  w ould  
r e f l e c t  ’ r e p r e s s i o n ’ o f  c a r r i e r  s y n t h e s i s  a t  h ig h  
e x t e r n a l  s u b s t r a t e  c o n c e n t r a t i o n s  r a t h e r  th a n  t h e  
im m ed ia te  ’ e n d -p ro d u c t  i n h i b i t i o n ’ o f c a r r i e r  a c t i v i t y .
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A n o n - g e n e t i c  feed b ack  c o n t r o l  ( in  a d d i t i o n  t o  c o n t r o l  
a t  t h e  l e v e l  o f p r o t e i n  s y n t h e s i s )  h a s  been  r e p o r t e d  
f o r  m e th io n in e  t r a n s p o r t  i n  t h e  fu n g u s ,  N eu ro so o ra  
c r a s s a , ( P a l l ,  1971)* U ptake was r e g u l a t e d  d i r e c t l y  
by  t h e  i n t e r n a l  amino a c i d  c o n c e n t r a t i o n  by  th e  
mechanism o f ’ t r a n s i n h i b i t i o n * . The b in d in g  o f  amino 
a c i d  on t h e  a c t i v e  s i t e  a t  t h e  i n n e r  s i d e  of t h e  
membrane l e d  t o  i n h i b i t i o n  o f  m e th io n in e  t r a n s p o r t  
a c t i v i t y *  T h is  was u n l i k e l y  t o  be o f  im p o r ta n c e  i n  
Xenopus and HeLa c e l l s  a s  n e i t h e r  exchange d i f f u s i o n  
n o r  t r a n s i n h i b i t i o n  c o u ld  be d e m o n s t r a te d .
The mechanism by which th e  l a b i l e  c a r r i e r  sy s tem  
r e c e i v e d  a r e g u l a t o r y  i n p u t  from  th e  e x t r a c e l l u l a r  
en v iro n m en t was i n v e s t i g a t e d .  I t  was p o s s i b l e  t h a t  
t h e  a f f e r e n t  pa thw ay to  c o n t r o l  was th ro u g h  a v a r i a t i o n  
in  q u a n t i t y  o f  some m e t a b o l i t e  o f  g lu ta m in e  o r  t h e  
l e v e l  o f  a s p e c i f i c  enzyme, i t s e l f  r e g u l a t e d  by 
g lu ta m in e  c o n c e n t r a t i o n .  T h is  seemed im p ro b a b le  b e ca u se  
o f  t h e  a b i l i t y  o f  n o n - r a e ta b o l i s a b le  AIB t o  s u b s t i t u t e  
f o r  g lu ta m in e  i n  c a u s in g  r e p r e s s i o n  o f  g l y c i n e  u p ta k e .  
F a l s e  f e e d b a c k ,  how ever, h a s  been  r e p o r t e d  f o r  b a c t e r i a l  
enzyme s y n t h e s i s ;  an a n a lo g u e  s u b s t i t u t i n g  f o r  an 
e n d -p ro d u c t  i n  c o n t r o l l i n g  enzyme f u n c t i o n ,  (Umbarger, 
1961).
iin a l t e r n a t i v e  mechanism was v i a  d e t e c t i o n  o f  a change 
i n  t h e  s i z e  o f  th e  i n t r a c e l l u l a r  amino a c id  p o o l .  The 
l a t t e r  i s  i n  dynamic e q u i l i b r i u m  w i th  t h a t  o f  t h e  
medium and d e p l e t i o n  of any one o f  th e  e s s e n t i a l  amino 
a c i d s  r e s u l t s  i n  th e  d i s a p p e a r a n c e  o f  t h a t  amino a c id  
i n t r a c e l l u l a r l y ,  s t r u c t u r a l  changes  w i th in  12 - 24h r  
and e v e n tu a l  c e l l  d e a th ,  (Cohen, N ylen , & S c o t t ,  I 96I ;  
E ag le  & P ie z ,  1 9 ^ 2 ) .  G lu tam ine  i s  in c lu d e d  i n  t h e  13 
e s s e n t i a l  amino a c i d s  b e in g  a p r e c u r s o r  f o r  th e  
s y n t h e s i s  o f g lu ta m ic  a c i d  and a s p a r a g in e ,  (E ag le  
8c P i e z ,  1 9 6 2 ) .  Under e x c e p t i o n a l  c i r c u m s ta n c e s ,  c e l l  
d e a th  can be  a v o id e d .  I f  HeLa c e l l s  were grown i n  
h ig h ,  n o n - p h y s i o l o g i c a l ,  c o n c e n t r a t i o n s  o f t h e  n o n -  
e s s e n t i a l  amino a c i d ,  g lu ta m ic  a c i d ,  and th e n  s t a r v e d
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o f  g lu ta m in e ,  th e  c e l l s  s u r v i v e d  due to  a r i s e  i n  
g lu ta m y l  t r a n s f e r a s e  a c t i v i t y ,  (DeMars, 1 9 5 8 ) .  B arnes 
h a s  s u g g e s te d  t h a t ,  a l th o u g h  i n c r e a s i n g  g lu ta m a te  i n  
g l u t a m i n e - d e f i c i e n t  medium f a v o u re d  L - c e l l  g row th , 
t h e  e f f e c t  was n o t  due to  an i n c r e a s e  i n  g lu ta m y l  
t r a n s f e r a s e ,  (B arn es  e t  a l . ,  1 9 ? 1 ) .  Given a l t e r e d  
g row th  c o n d i t i o n s ,  how ever, c e l l s  w ere , in  some manner, 
a b l e  to  a d a p t  to  a s s u r e  t h e i r  s u r v i v a l .
The f i n d i n g s  in  t h e  s t u d i e s  r e p o r t e d  h e r e ,  t h a t  t h e  c e l l s  
s u r v iv e d  d e s p i t e  g lu ta m in e  d e p r i v a t i o n ,  may be due t o  
a sm a ll  c o n c e n t r a t i o n  of g lu ta m in e  p r e s e n t  i n  t h e  serum . 
B ecause  o f  i t s  a s s o c i a t e d  enzymes, serum  u n d ergo es  
p r o t e o l y s i s  t o  g iv e  f r e e  amino a c i d s  (E ag le  & P ie z ,
1 9 6 1 ) .  T h is ,  i t s e l f ,  may have  s u f f i c e d  f o r  p r o t e i n  
s y n t h e s i s  a s  o n ly  s m a l l  c o n c e n t r a t i o n s  o f  e s s e n t i a l  
amino a c i d s  a r e  r e q u i r e d .  In  HeLa c e l l s ,  i n t r a ­
c e l l u l a r  v a l i n e  had  to  be o n ly  2 -3  t im e s  a c r i t i c a l  
minimum c o n c e n t r a t i o n  o f  0.02mjVI, t o  g iv e  a maximum 
l e v e l  of g row th  r a t e  and p r o t e i n  s y n t h e s i s ,  (E ag le  
& P ie z ,  1 9 6 2 ) .  M inimal e f f e c t i v e  e x t e r n a l  amino a c id  
c o n c e n t r a t i o n s  w ere  0 .0 0 1 5 - 0 .0 0 6mM, (E ag le  & P ie z ,
1 9 6 1 ) .  That t r a n s p o r t  was found  to  be p r o p o r t i o n a l  
to  e x t e r n a l  c o n c e n t r a t i o n s  f a r  in  e x c e s s  o f  t h e s e  
v a lu e s  s u g g e s te d  t h a t ,  a l th o u g h  p r o t e i n  s y n t h e s i s  may 
be  r e g u l a t e d  by th e  i n f l u x  o f  p r e c u r s o r s  (Adamson, 
H e r in g to n ,  & B o r n s t e in ,  1972; Phang, F inerm an,
S in g h , R osenberg  & Berman, 1971)? t h e  r a t e  o f  
p r o t e i n  s y n t h e s i s  was n o t  t h e  l i m i t i n g  f a c t o r  in  
t r a n s p o r t  r e g u l a t i o n .
I f  t h e  l i m i t i n g  f a c t o r  w ere  i n t r a c e l l u l a r  p o o l  s i z e ,  
th e n  d i r e c t  m a n ip u la t io n  o f  t h e  l a t t e r ,  d u r in g  low 
amino a c id - g r o w th  or r e d u c t io n  i n  p o o l  s i z e  by 
in c u b a t io n  i n  low  Na, o u gh t t o  a f f e c t  t h e  r e g u l a t o r y  
m echanism . In  HeLa c e l l s ,  low-Na t r e a tm e n t  r e s u l t e d  
i n  a p a r t i a l  i n h i b i t i o n  o f  d e r e p r e s s i o n  o f  i n f l u x ;  
a f i n d i n g  s i m i l a r  to  t h a t  r e p o r t e d  i n  c h ic k  c e l l s ,  
(G azzo la  e t  a l . ,  1 9 7 3 ) .  3hr p f e i n c u b a t i o n  o f  r a t  
u t e r u s  i n  N a - f r e e  K re b s -R in g e r  b i c a r b o n a t e  b u f f e r
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r e s u l t e d  i n  a d e c r e a s e d  AIB u p ta k e  a c t i v i t y ,  (R iggs 
& Pan, 1 9 7 2 ) .  T h is  a p p a r e n t l y  c o n t r a d i c t o r y  f i n d i n g  
may be  an ’ e x t e r n a l  Na c o n c e n t r a t io n *  e f f e c t ,  s i m i l a r  
to  t h a t  n o te d  f o r  HeLa and Xenopus c e l l s .  I t  was 
e x p e c te d  t h a t  a r e d u c t i o n  i n  e x t e r n a l  Na would i n f lu e n c e  
th e  e x t e r n a l  amino a c i d  r e g u l a t i o n  by  c a u s in g  a f u r t h e r  
d e c r e a s e  i n  i n t r a c e l l u l a r  p o o l  and a f u r t h e r  
s t i m u l a t i o n ,  o r  d e r e p r e s s i o n  o f  u p ta k e .  In  f a c t ,  i t  
c au se d  a r e d u c t io n  i n  i n f l u x ,  compared w ith  t h a t  
m easured  a f t e r  no rm al Na i n c u b a t i o n ,  i n  b o th  c o n t r o l  
and low  amino a c i d  grown c e l l s .  Because o f  t h i s  
su p e r im p osed  e f f e c t ,  r e s u l t s  w ere  d i f f i c u l t  t o  
i n t e r p r e t .  I t  a p p e a re d ,  how ever, t h a t  th e  i n t r a ­
c e l l u l a r  p o o l  s i z e  d i d  n o t  p la y  a m ajor p a r t  i n  th e  
a f f e r e n t  c o n t r o l  pa thw ay , th e  e x t e r n a l  amino a c id  
d e r e p r e s s i o n  e f f e c t  b e in g  a b o u t  e q u a l  w i th  b o th  norm al 
and  low-Na i n c u b a t i o n .
S u p p o r t in g  e v id e n c e  was o b ta in e d  by v a ry in g  i n t r a ­
c e l l u l a r  amino a c i d  p o o l  s i z e  by *l y s i s *  d u r in g  
in c u b a t i o n  o f  Xenopus c e l l s  in  lo w -g lu ta m in e  medium. 
R e f i l l i n g  c e l l s  w i th  g l y c i n e  d id  n o t  p re v e n t  t h e  
d e r e p r e s s i o n  o f  u p ta k e  cau sed  by low e x t e r n a l  amino 
a c i d  c o n c e n t r a t i o n .  R e p ea te d  * l y s i s * ,  i n  th e  ab sen c e  
o f  amino a c i d ,  how ever, r e s u l t e d  in  a f u r t h e r  sm a ll  
b u t  s i g n i f i c a n t  i n c r e a s e .  T h is  was p o s s i b l y  due t o  
a m inor c o n t r i b u t i o n  t o  c o n t r o l ,  v i a  a v e ry  much 
re d u c e d  i n t r a c e l l u l a r  poo l*
One f u r t h e r  p o s s i b l e  l i m i t i n g  f a c t o r  t o  c o n t r o l ,  
was th e  r a t e  o f  membrane t r a n s p o r t  of amino a c i d s .
I t  i s  n o te d  t h a t  e x t e r n a l  Na caused  a r e d u c t io n  in  
i n f l u x ,  i n  b o th  t y p e s  o f  c e l l ,  th ro u g h  an a l t e r e d  
Km, o r  c a r r i e r  a f f i n i t y ;  Vmax was n o t  a f f e c t e d .
B ecause  o f  th e  e x t e r n a l  Na e f f e c t  on r e g u l a t i o n  o f  
t r a n s p o r t  a c t i v i t y ,  i t  i s  s u g g e s te d  t h a t  s u b s t r a t e  
c o n t r o l  was v i a  th e  r a t e  o f  c a r r i e r  a c t i v i t y  p e r  u n i t  
t im e ,  r a t h e r  th a n  t h e  q u a n t i t y  o f  s u b s t r a t e  t r a n s p o r t e d  
p e r  u n i t  t im e .  Any e x t e r n a l  amino a c i d  com peting  f o r  
t h a t  t r a n s p o r t  s i t e  c o u ld  t h e n  a c t  a s  a r e g u l a t o r y  
s u b s t r a t e .
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Effect of growth in various concentrations of amino acids on 
the properties of the A-mediated amino acid uptake system in 
cultured cells
B y  S t j s a n  p .  H u m e '* ' a n d  J .  P .  Lam b.*]* Department of Physiology, St Andrews University, Fife KY16 9T8
The present experiments were designed to investigate whether the 
amino acid uptake system of HeLa and Xenopus laevis kidney cells conld 
adapt to altered environmental conditions.
Pig. 1 shows that the pHjgiycine influx into HeLa cells varies inversely 
with the amino acid concentration in the growth medium. This has the 
following characteristics :
( 1 ) Increased glycine uptake activity is prevented hy growth in mixtures 
of the A-group amino acids (Oxender & Christensen, 1963), by glutamine, 
or by a-amino-isohutyric acid, and so is not specific to one amino acid and 
is not due to the metabolic products of the amino acids,
(2) The time course of the effect is rapid. A change in initial velocity can 
be detected in 2 hr and is complete within 10 hr.
(3) Cellular Na and K concentrations are unaltered by changing the 
amino acid concentration of the growth media, so that the effect is not 
mediated in this way.
(4) The effect is blocked by concentrations of cycloheximide which 
block protein synthesis (15/ig/ml.).
(5) The change in the uptake carrier system is associated with an 
increase in T^ ax [HeLa and Xenopus] and a decrease in the ap|3arent 
Jfjjj [HeLa only].
(6) Cells Tysed’ and reconstituted (Lamb & Lindsay, 1971) showed a 
similar influx pattern to Pig. 1. Control and treated cells refilled with 
69 mM pH]glyoine*'' had the same efflux.
I t  is concluded that both HeLa and Xenopus laevis kidney cells can alter 
their A-mediated amino acid uptake system in response to alterations in 
the amino acid concentration of their growth medium. These conclusions 
are similar to those recently reached by Pranchi-Gazzola, Gazzola, Ronchi, 
Saibene & Guidotti (1973).
S.R.C. Scholar.
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Fig. 1. Effect of growth in various amino acid concentrations on subsequent 
[®H]glycine uptake. PleLa cells (clone S 3) were grown for 3 days in the 
concentrations o f A-mediated amino acids shown and then the uptake 
of pH]glycine^ measured over a 5 min period in Krebs solution containing 
1 % serum and 2 m M  glycine*. The glycine* uptake is altered by the 
growth conditions. D ata from 2 experiments (open and filled symbols) 
with 1% (A ), 10% ( # ,  O) or 20%  (■ ) serum. The concentration of 
A-mediated amino acids in normal growth media is about 3 m M .
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An effect of conditioned growth media on transport systems of 
cultured cells
By K. BROWN, S u s a n  P. H u m e , |  J. P. L a m b  and R. W e i n g a r t ,{ Department of Physiology, University of St Andrew, Bute Medical Bttildings, St Andrews, Fife, Scotland
In the course of experiments on amino acid uptake by HeLa and Xenopus laevis kidney cells (Hume & Lamb, 1974) we observed a reduction in the 
glycine influx after the medium in which cells were growing (^  conditioned 
medium ') was replaced by fresh medium. Purther experiments, using 
Py3T3 cells, have shown that this procedure also reduces the influx of Rb+ 
and 2-deoxyglucose but not the influx of chloride. In all cases the ‘con­
ditioning effect ’ was a 30-40 % reduction in influx. The time course of the 
effect was varied.
The reduction of glycine influx into HeLa cells persisted fully for at 
least 6 hr. Recovery to the normal conditioned level was almost complete 
after 36 hr. Kinetic experiments, carried out after 92 hr treatment with 
fresh medium, suggest that the reduced influx arises from a decreased 
with no change in the apparent of the glycine transport system. 
When Py3T3 cells were replaced in conditioned medium after 30 min 
exposure to fresh medium the glycine influx showed a rapid recovery 
(10 min) to the normal conditioned level. Changing cells from conditioned 
to conditioned medium or from fresh to fresh medium produced no sus­
tained effect.
Measurements of the Rb+ influx into Py3T3 cells have shown that the 
conditioned medium can be stored for at least 3 days at 4° C without 
losing the ability to sustain the higher level of transport. Conditioned 
medium dialysed against Krebs for 24 hr caused a reduction of the influx 
similar to that caused by the addition of fresh medium. A high molecular- 
weight fraction from conditioned medium (separated by rotary film 
evaporation at 35° 0) did not alter the property of fresh medium.
We tentatively conclude that cells produce a dialysable substance 
which is released into the growth medium. The absence of this substance 
from the cell’s bathing medium causes reduced activity of several trans­
port systems in the cell membrane.
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